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ABSTRACT
D uring th e  c o u rse  o f  a  b io c h em ica l s y s te m a tic  s tu d y  o f  th e  
genus Melampodium (C o m p o sitae :H e lian th eae ) s e v e r a l  new s e s q u ite rp e n e  
la c to n e s  w ere i s o l a t e d  and c h a r a c te r iz e d  by s p e c tro s c o p ic  m ethods 
and chem ical c o r r e l a t i o n s .  The g e rm acran o lid e  d i la c to n e s ,  
melampodin-C (6 4 ) , c in e r e n in  (6 7 ) , and 4 ( 5 ) -dihydrom elam podin-B  (6 l )  
w ere i s o la te d  from w h ite - ra y e d  s p e c ie s ,  w h ile  th e  m elam polide 
m elam podinin (][0 ) r e p r e s e n ts  th e  f i r s t  s e s q u ite rp e n e  la c to n e  found 
in  a  member o f  th e  y e llo w -ra y e d  complex o f  Melampodium. The 
in co m p le te  s t r u c t u r e  d e te rm in a tio n  o f  a  melampodin-A l i k e  m elam polide , 
w hich was i s o l a t e d  from M. c in ereu m , i s  a l s o  in c lu d e d . TVo known 
compounds, melampodin-B ( 5 6 ) and th e  fla v o n e  a r te m e t in  (j[8 ) ,  w ere 
a ls o  p re s e n t  in  m ost p o p u la tio n s  o f  M. cinereum  and M. a rg o p h y llu m .
The s t r u c tu r e s  o f  c in e r e n in  (CiT-lfeoOe)* 4 ( 5 ) -d ih y d ro -  
melampodin-B (CiyHaoCV)* an<* melampodin-C (C19H2 2 O7 ) w ere e lu c id a te d  
m ain ly  by c o r r e l a t i n g  th e  nmr p a ra m e te rs  and mass s p e c t r a l  frag m en ta ­
t io n  p a t te r n s  w ith  th o s e  o f  m elam podin-B. The mass s p e c t r a l  peaks 
a t  m /e 2 7 4 , 2 5 6 , and 228  w ere found to  be ty p ic a l  o f  th e  germ acran­
o l id e  d i la c to n e s  w hich  c o n ta in  a  medium r in g  s im i la r  to  t h a t  o f  
m elam podin-B .
The c o n v e rs io n  o f  m elam podin-B, c in e r e n in ,  melam podin-C, 
and 4 ( 5 ) -dihydrom elam podin-B  to  th e  r e s p e c t iv e  a c e t a t e s ,  a ld e h y d e s , 
a n d /o r  d ih y d r o - d e r iv a t iv e s , c o r ro b o ra te d  t h e i r  s t r u c t u r a l  and nmr 
s p e c t r a l  a ss ig n m en ts  as w e l l  a s  t h e i r  e m p ir ic a l  fo rm u las . The
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ABSTRACT
D uring th e  c o u rse  o f  a  b io c h e m ic a l s y s te m a tic  s tu d y  o f  th e  
genus Melampodium (C o m p o s ita e :H e lia n th e ae ) s e v e r a l  new s e s q u ite rp e n e  
la c to n e s  w ere i s o l a t e d  and c h a r a c te r iz e d  by s p e c tro s c o p ic  methods 
and chem ical c o r r e l a t i o n s .  The g e rm a cran o lid e  d i la c to n e s ,  
melampodin-C (6 4 ) , c in e r e n in  (6 7 ) .  and 4 ( 5 ) -dihydrom elam podin-B  (6 l )  
w ere i s o la te d  from w h ite - ra y e d  s p e c ie s ,  w h ile  th e  m elam polide 
m elam podinin (JO) r e p r e s e n ts  th e  f i r s t  s e s q u ite rp e n e  la c to n e  found 
in  a  member o f  th e  y e llo w -ra y e d  com plex o f  Melampodium. The 
in co m p le te  s t r u c tu r e  d e te rm in a t io n  o f  a  melampodin-A l i k e  m elam polide, 
w hich was i s o la te d  from M. c in e reu m . i s  a ls o  in c lu d e d . Two known 
compounds, melampodin-B (5 6 ) and th e  flav o n e  a r te m e tin  ( j 8 ) ,  w ere 
a ls o  p re s e n t  in  m ost p o p u la t io n s  o f  M. cinereum  and M. argophy llum .
The s t r u c tu r e s  o f  c in e r e n in  (Ci7 H2 o06 ) ,  4 ( 5 )-d ih y d ro -  
melampodin-B (Ci7H2 oCV)> an<* melampodin-C (C19H22 O7 ) w ere e lu c id a te d  
m a in ly  by c o r r e l a t in g  th e  nmr p a ra m e te rs  and mass s p e c t r a l  frag m en ta ­
t io n  p a t te r n s  w ith  th o s e  o f  m elam podin-B . The mass s p e c t r a l  peaks 
a t  m /e 274, 2 56 , and 228  w ere found to  be  ty p ic a l  o f  th e  germ acran­
o l id e  d i la c to n e s  w hich  c o n ta in  a  medium r in g  s im i la r  to  th a t  o f  
melampodin-B.
The c o n v e rs io n  o f  m elam podin-B , c in e r e n in ,  melampodin-C, 
and 4 ( 5 ) -dihydrom elam podin-B  to  th e  r e s p e c t iv e  a c e t a t e s ,  a ld eh y d es , 
a n d /o r  d ih y d r o - d e r iv a t iv e s , c o r ro b o ra te d  t h e i r  s t r u c t u r a l  and nmr 
s p e c t r a l  assignm en ts  a s  w e l l  as  t h e i r  e m p ir ic a l  fo rm u las . The
xi
c o n v e rs io n  o f  m elam podin-B, c in e r e n in ,  and melampodin-C to  th e  
tr ib ro m id e  60  p ro v id ed  ch em ica l e v id en ce  th a t  th e  c y c lo d e c a -1 , 5 - 
d ie n e  r in g  p o r t io n s  o f  th e s e  compounds a r e  i d e n t i c a l .
The s t r u c t u r e  o f  m elam podinin (C25H30O12 ) ,  a  m elam polide 
i s o l a t e d  from M. am ericanum . was de te rm in ed  by th e  use o f  i r  and pmr 
sp e c tro s c o p y . The s p e c t r a  o f  m elam podinin and o f  melampodin-A 
a c e t a t e ,  a  s t r u c t u r e  o f  known a b s o lu te  c o n f ig u ra t io n ,  a r e  a lm o st
t
i d e n t i c a l .  The s te r e o c h e m is t r ie s  o f  melampodin-B, melampodin-C, 
and c in e r e n in  w ere d e r iv e d  by c o r r e l a t in g  th e  re s p e c t iv e  c o u p lin g  
c o n s ta n ts  o f  th e  H - l ,  H -5, H-6 , H-7 , H-8 , and H-9 s ig n a ls  w ith  
s te reo m o d e l c o n s id e ra t io n s  and th e  fo llo w in g  b io g e n e t ic  a s su m p tio n s : 
l )  th e  H-7 i s  a - o r i e n te d ,  and 2) th e  C -^ (5 ) double bond h a s  a  t r a n s  
c o n f ig u r a t io n .  The c o r r e l a t i o n  o f  th e  a l l y l i c  co u p lin g  v a lu e  
betw een th e  r e s p e c t iv e  H -l and H-9 s ig n a l s  w ith  th e  observed  t o r s i o n a l  
a n g le  o f  th e s e  p ro to n s  s u b s ta n t ia te d  th e  assignm ent o f  a j3- o r ie n te d  
s u b s t i t u e n t  a t  C - l  in  th e s e  compounds and t h e i r  d e r iv a t iv e s .
U sing  th e  a fo rem en tio n ed  s e s q u ite rp e n e  la c to n e s  as b io g e n e t ic  
m arkers in  th e  b io c h em ica l s y s te m a tic  s tu d y  o f  about 50 p o p u la t io n s  
o f  M. c inereum  and M. argophyllum  th e  fo llo w in g  co n c lu s io n  i s  
draw n: M. argophyllum  i s  p h y lo g e n e t ic a l ly  more c lo s e ly  r e l a t e d  to
M. c inereum  th a n  i t  i s  t o  M. leucan thum . T h is c o n c lu s io n , w hich i s  
c o n tr a ry  to  S tu e s s y 's  m o rp h o lo g ica l c o n s id e ra t io n s ,  i s  based  on 
th e  f a c t  t h a t  th e  s e s q u ite rp e n e  la c to n e s  i n  M. argophyllum  and M. 
c inereum  a r e  d i s t i n c t l y  d i f f e r e n t  from th o se  in  M. leucanthum .
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co n v ers io n  o f  m elam podin-B , c in e r e n in ,  and melampodin-C to  the  
tr ib ro m id e  60  p ro v id e d  chem ica l ev id en ce  th a t  th e  c y c lo d e c a -1 , 5 - 
d ien e  r in g  p o r t io n s  o f  th e s e  compounds a re  i d e n t i c a l .
The s t r u c t u r e  o f  m elam podinin (C25H30O1 2 ) ,  a  m elam polide 
i s o la te d  from M. am ericanum . was d e te rm in ed  by th e  u se  o f  i r  and pmr 
sp e c tro sc o p y . The s p e c t r a  o f  m elam podinin and o f  melampodin-A 
a c e ta te ,  a  s t r u c t u r e  o f  known a b s o lu te  c o n f ig u r a t io n ,  a re  a lm ost 
i d e n t i c a l .  The s te r e o c h e m is t r ie s  o f  m elam podin-B , melampodin-C, 
and c in e r e n in  w ere d e r iv e d  by c o r r e l a t in g  th e  r e s p e c t iv e  co u p lin g  
c o n s ta n ts  o f  th e  H - l ,  H -5, H-6 , H -7, H-8 , and H-9 s ig n a l s  w ith  
stereo m o d e l c o n s id e ra t io n s  and th e  fo llo w in g  b io g e n e t ic  assu m p tio n s: 
l )  th e  H-7 i s  a - o r i e n t e d ,  and 2 ) th e  C — (5)  dou b le  bond has a t r a n s  
c o n f ig u ra t io n .  The c o r r e l a t i o n  o f  th e  a l l y l i c  co u p lin g  v a lu e  
betw een th e  r e s p e c t iv e  H -l and H-9 s ig n a l s  w ith  th e  observed  to r s io n a l  
an g le  o f  th e s e  p ro to n s  s u b s ta n t ia te d  th e  ass ig n m en t o f  a  0 -o r ie n te d  
s u b s t i tu e n t  a t  C - l  in  th e s e  compounds and t h e i r  d e r iv a t iv e s .
U sing th e  a fo rem en tio n ed  s e s q u ite rp e n e  la c to n e s  as  b io g e n e t ic  
m arkers in  th e  b io c h e m ic a l s y s te m a tic  s tu d y  o f  ab o u t 50 p o p u la tio n s  
o f  M. cinereum  and M. argophyllum  th e  fo llo w in g  c o n c lu s io n  i s  
drawn: M. argophy llum  i s  p h y lo g e n e t ic a l ly  more c lo s e ly  r e l a t e d  to
M. cinereum  th a n  i t  i s  to  M. leucan thum . T h is  c o n c lu s io n , which i s  
c o n tra ry  to  S tu e s s y 's  m o rp h o lo g ica l c o n s id e r a t io n s ,  i s  based  on 
th e  f a c t  t h a t  th e  s e s q u i te rp e n e  la c to n e s  in  M. argophyllum  and M. 
cinereum  a re  d i s t i n c t l y  d i f f e r e n t  from th o se  i n  M. leucanthum .
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INTRODUCTION
P la n ts  produce a w ide v a r ie t y  o f  d i f f e r e n t  ty p es  o f  n a tu r a l
*
p r o d u c ts . Many secondary p la n t  m e ta b o lite s  a r e  w id e -sp r ea d  in  th e  
p la n t  Kingdom w h ile  o th e r s  a re  r e s t r i c t e d  to  s p e c i f i c  p la n t  f a m i l ie s ,  
t r i b e s ,  g en era , and s p e c ie s .  D if f e r e n t  p o p u la tio n s  o f  one s p e c ie s  
f r e q u e n t ly  produce d i s t i n c t l y  d i f f e r e n t  s t r u c t u r a l  ty p es  w ith in  a 
c l a s s  o f  n a tu r a l p ro d u cts .
The p la n t  fa m ily  Com positae ( th e  su n flo w er  fa m ily )  i3  known to  
produce many d i f f e r e n t  s t r u c tu r a l  ty p es  o f  s e s q u ite r p e n e  la c to n e s .  
Furtherm ore, d i f f e r e n t  t r ib e s ,  gen era , and s p e c ie s  o f  t h i s  fa m ily  
r a th e r  s p e c i f i c a l l y  c o n ta in  c e r ta in  typ es o f  s e s q u ite r p e n e  la c to n e s  
w hich  g e n e r a l ly  have in  common th e  t y p ic a l  a> /3 -u n satu rated  ^ - la c to n e  
s tr u c tu r e  ( s tr u c tu r e  JL). During th e  l a s t  d eca d e , s e s q u ite r p e n e  
la c to n e s  have a t tr a c te d  c o n s id e r a b le  a t t e n t io n  fo r  two m ajor r e a so n s:  
th ey  are  commonly used as b io g e n e t ic  m arkers in  b io c h e m ic a l s y s te m a tic  
s t u d i e s ,2 5 and se c o n d ly , in  th e  search  fo r  a n ti-tu m o r  a c t iv e  n a tu r a l  
p rod u cts a number o f  d i f f e r e n t  typ es o f  s e s q u ite r p e n e  la c to n e s  have 
shown p rom isin g  a c t i v i t y . 6 *7
The prim ary reason  fo r  th e  u se  o f  s e s q u ite r p e n e  la c to n e s  in  
b io ch em ica l sy s te m a tic  s tu d ie s  i s  th e  e x is t e n c e  o f  a v a r ie t y  o f
The term " n atu ra l product" i s  r eco g n ized  by th e  ch em ist a s  m eaning  
th o se  secon d ary  m e ta b o li te s ,  u s u a l ly  o f  r e l a t i v e l y  com plex s tr u c tu r e ,  
w hich  are  o f  more r e s t r i c t e d  d is t r ib u t io n  and more c h a r a c t e r i s t i c  
o f  s p e c i f i c  b o n ta n ic a l so u rces  than are th e  compounds produced by 
prim ary m e ta b o lic  p r o c e s s e s .
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INTRODUCTION
P la n ts  produce a w id e v a r i e t y  o f  d i f f e r e n t  ty p es  o f  n a tu ra l
*
p rod u cts. Many secondary p la n t  m e ta b o li te s  a r e  w id e-sp rea d  in  th e  
p la n t Kingdom w h ile  o th e r s  a re  r e s t r i c t e d  to  s p e c i f i c  p la n t  f a m il ie s ,  
t r ib e s ,  gen era , and s p e c ie s .  D if f e r e n t  p o p u la tio n s  o f  one s p e c ie s  
fr e q u e n tly  produce d i s t i n c t l y  d i f f e r e n t  s t r u c tu r a l  ty p es  w ith in  a 
c la s s  o f  n a tu r a l p ro d u cts .
The p la n t  fa m ily  C om positae ( th e  su n flo w er  fa m ily )  i s  known to  
produce many d i f f e r e n t  s t r u c t u r a l  ty p e s  o f  se sq u ite r p e n e  la c to n e s .  
Furtherm ore, d i f f e r e n t  t r i b e s ,  g en era , and s p e c ie s  o f  t h i s  fa m ily  
ra th er  s p e c i f i c a l l y  c o n ta in  c e r t a in  ty p es  o f  s e s q u ite r p e n e  la c to n e s  
w hich g e n e r a l ly  have in  common th e  t y p ic a l  a ,  (3-unsaturated  y - la c to n e  
s tr u c tu r e  (s tr u c tu r e  l j .  D uring th e  l a s t  d ecad e, s e sq u ite r p e n e  
la c to n e s  have a t tr a c te d  c o n s id e r a b le  a t t e n t io n  fo r  two m ajor r e a s o n s : 
th ey  are  commonly used  as b io g e n e t ic  m arkers in  b io ch em ica l sy s te m a tic  
s t u d i e s ,2 5 and se c o n d ly , in  th e  se a r c h  fo r  a n ti-tu m o r a c t iv e  n a tu ra l 
products a number o f  d i f f e r e n t  ty p es  o f  s e s q u ite r p e n e  la c to n e s  have 
shown prom ising a c t i v i t y . 6 *7
The primary rea so n  fo r  th e  u se  o f  s e sq u ite r p e n e  la c to n e s  in  
b io ch em ica l sy s te m a tic  s tu d ie s  i s  th e  e x is t e n c e  o f  a v a r ie t y  o f
The term " natural product"  i s  r e c o g n iz e d  by th e  ch em ist as meaning 
th o se  secondary m e ta b o l i t e s ,  u s u a l ly  o f  r e l a t i v e l y  com plex s tr u c tu r e ,  
which are  o f  more r e s t r i c t e d  d i s t r ib u t io n  and more c h a r a c t e r i s t ic  
o f  s p e c i f i c  b o n ta n ic a l so u r c e s  than are  th e  compounds produced by 
prim ary m eta b o lic  p r o c e s s e s .
1
s t r u c t u r a l  types as w e l l  a s  t h e i r  r e s t r i c t e d  o c cu rren c e  in  s p e c i f ic  
ta x a .  In  th e  fo llo w in g , a  ty p ic a l  exam ple o f  each  s t r u c t u r a l  c la s s  
w i l l  be shown:
1. The germ acrano1id e s  r e p r e s e n t  c y c lo d e c a - l ,5 -d ie n e s  which 
u s u a l ly  c o n ta in  t r a n s , t r a n s  dou b le  bonds a t  th e  C -^ (5 ) and 
C -l( lO ) p o s i t io n s  o f  th e  medium r in g .  T am au lip in -A (l)8 i s  
a  ty p ic a l  exam ple.
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2 . The audasm ano lides a r e  t y p i c a l l y  re p re s e n te d  by rey n o s in  
( 2 ) 9 and a re  c h a r a c te r iz e d  by a  6 , 6 - fu se d  r in g  system ; 
th ey  n o rm a lly  have a t r a n s - d e c a l in e  s k e le to n .
HO
REYNOSIN
3. The erem ophileno  1 id ea  d i f f e r  from th e  eudesm anolides by
th e  p o s i t io n  o f  a  m ethy l g ro u p ; t h a t  i s ,  th e  p re sen c e  o f  
a m ethy l group a t  C-5 in s te a d  o f  C -10. A ty p ic a l  example 
i s  e re m o p h ile n o lid e  (2 . ) .10
s t r u c t u r a l  ty pes as  w e ll  a s  t h e i r  r e s t r i c t e d  o c cu rren c e  in  s p e c i f ic  
ta x a . In  th e  fo llo w in g , a  ty p ic a l  example o f  each  s t r u c t u r a l  c la s s  
w i l l  be shown:
1. The germ acrano1id e s  r e p r e s e n t  c y c lo d e c a - l ,5 -d ie n e s  which 
u s u a l ly  c o n ta in  t r a n s , t r a n s  dou b le  bonds a t  th e  C -^ (5 ) and 
C -l( lO )  p o s i t io n s  o f  th e  medium r in g .  T am au lip in -A (lJ8 i s  
a  ty p ic a l  exam ple.
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2 . The audasm anolides a r e  t y p i c a l l y  re p re s e n te d  by re y n o s in  
(2 ) 9 and a re  c h a r a c te r iz e d  by a  6 , 6 - fu se d  r in g  system ; 
th ey  n o rm ally  have a  t r a n s -d e c a l ln e  s k e le to n .
HO
REYNOSIN
3 . The e re m o p h ile n o lid ea  d i f f e r  from th e  eudesm anolides by 
th e  p o s i t io n  o f  a  m eth y l g roup ; t h a t  i s ,  th e  p re se n c e  o f 
a m e th y l group a t  C-5 in s te a d  o f  C-10. A ty p ic a l  example 
i s  e re m o p h ile n o lid e  (2 .)*10
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k .  The g u a ia n o lid e s  have a 5 ,7  r in g  system  and are  based  
upon th e  g u a ia n e  s k e le to n .  R u p ico lin -B  11 i s  a 
r e p r e s e n t a t iv e  o f  t h i s  c l a s s .
5 . The p a eu d o g u a ia n o lid e s  a r e  th e  l a r g e s t  c la s s  o f  s e s q u i t e r ­
pene la c to n e s  and th ey  a ls o  r e p r e s e n t  d e r iv a t iv e s  o f  a
5 , 7 - r i n g  system  w hich , in  c o n t r a s t  to  th e  g u a ia n o l id e s , 
c o n ta in  a  m ethy l group a t  th e  C-5 in s te a d  o f  th e  C-4 
p o s i t i o n .  They commonly o ccu r as y - la c to n e s  and a re  
la c to n iz e d  to  e i t h e r  th e  C-6  o r  C-8  p o s i t io n s  in  th e  
seven-m em bered r in g .  They may a ls o  be c lea v e d  betw een 
th e  C-5 and C-^ o r  th e  C-l<- and C-5 p o s i t io n s .  Con- 
f e r t i f l o r i n  (5.)12 i s  an example o f  a  y - la c to n e  w ith  a 
c i s - r in g  c lo s u r e  to  C-6 .
RUPICOLIN— B
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b . The g u a ia n o l id e s  have  a  5>7 r in g  system  and a re  based  
upon th e  g u a ian e  s k e le to n .  R u p ico lin -B  (J+)11 i s  a 
r e p r e s e n ta t iv e  o f  t h i s  c l a s s .
5 . The n eeu d o R u aian o lid es  a r e  th e  l a r g e s t  c l a s s  o f  s e s q u i t e r ­
pene la c to n e s  and th e y  a ls o  r e p r e s e n t  d e r iv a t iv e s  o f  a
5 , 7 - r in g  system  w hich , in  c o n t r a s t  to  th e  g u a ia n o l id e s ,  
c o n ta in  a  m eth y l group a t  th e  C-5 in s te a d  o f  th e  C-lj- 
p o s i t io n .  They commonly occu r as  <Y-la c to n e s  an<* a r e  
la c to n iz e d  to  e i t h e r  th e  C-6  o r  C-8  p o s i t io n s  in  th e  
seven-membered r i n g .  They may a ls o  be c le a v e d  between 
th e  C-3 and C-l* o r  th e  C-lf and C-5 p o s i t io n s .  Con­
f e r  t i  f l o r i n  (5.)12 i s  aa  example o f  a y - l a c to n e  w ith  a 
c i s - r in g  c lo s u r e  to  C-6 .
RUPICOLIN— B
The u n d ersta n d in g  o f  th e  b io s y n th e s is  o f  s e s q u ite r p e n e  la c to n e s  
i s  s t i l l  in  th e  s p e c u la t iv e  s ta g e  due to  th e  extrem e d i f f i c u l t i e s  in  
th e  a d m in is tr a t io n  tech n iq u es  o f  a p p ro p r ia te  la b e le d  p r e c u r so r s  to  th e  
p la n t s .  In  m ost exp erim en ts v ery  low in c o r p o r a tio n  r a te s  a re  ob ­
serv ed  when e i t h e r  l i v e  p la n ts  or  c e l l  c u ltu r e s  are  u sed . D e s p ite  
th e s e  l i m i t a t io n s ,  th e  b io s y n th e t ic  pathways le a d in g  to  s e s q u ite r p e n e  
la c to n e s  a re  b e l ie v e d  to  be f a i r l y  w e l l  u n d erstood . The r e c o g n it io n  
o f  th e  c e n t r a l  r o l e  o f  m ev a lo n ic  a c id  (6 ) in  th e  b io s y n th e s is  o f  
m onoterpenes and s t e r o id a l  compounds13”15 has le d  t o  g e n e r a l iz a t io n s  
o f  th e s e  known pathways to  o th e r  te r p e n o id s  w h ich , w ith  th e  appro­
p r ia t e  c a u t io n ,  can b e h e lp f u l  in  s t r u c tu r a l  and s y s te m a tic  
c o n s id e r a t io n s .  The fo llo w in g  g e n e r a l scheme o u t l in e s  a  h y p o th e t ic a l  
pathway o f  s e s q u ite r p e n o id  b io s y n th e s is  (Scheme i ) .
The tr a n sfo r m a tio n  o f  f a m e s y l  pyrophosphate (£ )  in t o  th e  
s e s q u ite r p e n e  la c to n e  end prod u cts la c k s  d e t a i l e d  and c o n c lu s iv e  
ex p er im en ta l e v id e n c e  fo r  t h e ir  t o t a l  b io s y n th e t ic  pathw ays. S ca n ty  
e v id e n c e ,1 6 -1 9  how ever, to g e th e r  w ith  th e  co m p ellin g  n a tu re  o f  th e  
b io s y n t h e t ic  h y p o th e s is  a re  p e r v a s iv e  enough fo r  th e  fo l lo w in g  
r o u te  to  be g e n e r a l ly  a cce p te d :
CONFERTIFLORIN
The u n derstan d in g  o f  th e  b io s y n t h e s i s  o f  s e s q u ite r p e n e  la c to n e s  
i s  s t i l l  in  th e  s p e c u la t iv e  s t a g e  due to  th e  extrem e d i f f i c u l t i e s  in  
th e  a d m in is tr a t io n  tech n iq u es  o f  a p p r o p r ia te  la b e le d  p recu rso rs  to  th e  
p la n t s .  In  m ost experim ents v ery  low in c o r p o r a tio n  r a te s  are  ob­
se rv ed  when e i t h e r  l i v e  p la n ts  or  c e l l  c u ltu r e s  are  u sed . D e sp ite  
th e s e  l im it a t io n s ,  th e  b io s y n t h e t ic  pathways le a d in g  to  s e sq u ite r p e n e  
la c to n e s  a re  b e lie v e d  to  be f a i r l y  w e l l  u n d ersto o d . The r e c o g n it io n  
o f  th e  c e n tr a l  r o le  o f  m eva lon ic  a c id  (6 )  in  th e  b io s y n th e s is  o f  
m onoterpenes and s t e r o id a l  compounds33"15 has le d  t o  g e n e r a l iz a t io n s  
o f  th e s e  known pathways to  o th e r  te r p e n o id s  w h ich , w ith  th e  appro­
p r ia t e  c a u t io n , can be h e lp f u l  in  s t r u c t u r a l  and sy s te m a tic  
c o n s id e r a t io n s .  The fo llo w in g  g e n e r a l scheme o u t l in e s  a h y p o th e t ic a l  
pathway o f  s e sq u ite r p e n o id  b io s y n t h e s i s  (Scheme i ) .
The tran sform ation  o f  f a m e s y l  pyrophosphate ( j )  in t o  th e  
se sq u ite r p e n e  la c to n e  end p ro d u cts  la c k s  d e t a i l e d  and c o n c lu s iv e  
ex p erim en ta l ev id en ce  fo r  t h e ir  t o t a l  b io s y n t h e t ic  pathw ays. Scanty  
e v id e n c e ,16-19  however, to g e th e r  w ith  th e  co m p e llin g  n a tu re  o f  th e  
b io s y n th e t ic  h y p o th e s is  are p e r v a s iv e  enough fo r  th e  fo llo w in g  
r o u te  to  be g e n e r a lly  a cce p te d :
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7, f ro n t .front Famttyl pyrophotphoft .g.
H edycaro l (2.) i s  th e  s im p le s t  m onocyclic  s e s q u i te rp e n e  d e r iv e d  from
8 . The fo rm a tio n  o f  c o s tu n o l id e  (10) from 8 r e q u i r e s  two ch an g es:
OH
(a )  th e  in t r o d u c t io n  o f  oxygen in to  p o s i t i o n  6 , and (b ) th e  
o x id a t iv e  tra n s fo rm a tio n  o f  th e  is o p ro p y l g ro u p , p o s s ib ly  in  th e  
fo llo w in g  way (Scheme I I ) :
SCHEME II
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H edycarol (2.) i s  th e  s im p le s t  m onocyclic  s e s q u ite rp e n e  d e r iv e d  from
8 . The fo rm atio n  o f  c o s tu n o l id e  (10 ) from 8 r e q u ir e s  two changes:
OH
(a )  th e  in t r o d u c t io n  o f  oxygen i n to  p o s i t io n  6 , and (b ) th e  
o x id a tiv e  t ra n s fo rm a tio n  o f  th e  is o p ro p y l  g ro u p , p o s s ib ly  in  th e  
fo llo w in g  way (Scheme I I ) :
SCHEME II
D e ta i l s  abou t th e  b io m o d if ic a tio n s  le a d in g  to  th e  a .,/J -u n sa tu ra te d  
y - la c to n e s  in  p la n ts  a re  s t i l l  unknown. E x p o x id a tio n , how ever, i s  
b e lie v e d  to  be th e  i n i t i a l  s t e p  in  many b io m o d if ic a t io n s  such as 
th e  tra n s fo rm a tio n  o f  sq u a le n e  to  s t e r o i d a l  compounds v ia  sq u a len e
2 ,3  o x id e . 20  The la rg e  number o f  n a t u r a l l y  o c c u r r in g  epox ide  t e r ­
p en o id s  a ls o  g iv e s  c red en ce  to  t h i s  a ssu m p tio n . A re a so n a b le  p a th ­
way su g g es te d  by Geissman i s  i l l u s t r a t e d  in  Scheme I I I . 21
{ox}
OOH
{ox}
HO
SCHEME HI
In  f a c t ,  t r a n s -a n n u la r  r in g  c lo s u r e  o f  th e  c y c lo d e c a d ie n e  germ a- 
c r a n o l id e s  to  g iv e  th e  d i f f e r e n t  s t r u c t u r a l  ty p e s  o f  b ic y c l ic  
te rp e n o id s  i s  b e lie v e d  to  p ro ceed  a l s o  v i a  ep o x id e  in te r m e d ia te s .22
The fo rm atio n  o f  g u a ia n o l id e s  and p se u d o g u a ia n o lid e s  from 12. 
i s  r e a l i z e d  by s t e r e o s p e c i f i c  c y c l i z a t io n s  le a d in g  to  th e  g u a ian e  
and pseudoguaiane  s k e le to n s .  P se u d o g u a ia n o lid e s  (lA ) may be formed
D e ta i l s  about th e  b io m o d if ic a tio n s  le a d in g  to  th e  a ,/3 -u n s a tu ra te d  
y - la c to n e s  in  p la n ts  a re  s t i l l  unknown. E x p o x id a tio n , how ever, i s  
b e l ie v e d  to  be th e  i n i t i a l  s te p  in  many b io m o d if ic a t io n s  such as 
th e  tra n s fo rm a tio n  o f  sq u a len e  to  s t e r o i d a l  compounds v ia  sq u a len e
2 ,3  o x id e . 20  The la rg e  number o f  n a t u r a l l y  o c c u r r in g  epox ide  t e r ­
p eno ids a ls o  g iv e s  c redence  to  t h i s  a ssu m p tio n . A re a so n a b le  p a th ­
way su g g es ted  by Gelssman i s  i l l u s t r a t e d  i n  Scheme I I I . 21
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In  f a c t ,  t r a n s - a n n u la r  r in g  c lo s u re  o f  th e  c y c lo d e c a d ie n e  germ a- 
c ra n o l id e s  to  g iv e  th e  d i f f e r e n t  s t r u c t u r a l  ty p e s  o f  b ic y c l ic  
te rp e n o id s  i s  b e lie v e d  to  p roceed  a ls o  v i a  ep o x id e  in te r m e d ia te s . 22
The fo rm atio n  o f  g u a ia n o lid e s  and p se u d o g u a ia n o lid e s  from 12_ 
i s  r e a l iz e d  by s te r e o s p e c i f ic  c y c l i z a t io n s  le a d in g  to  th e  g u a ian e  
and pseudoguaiane  s k e le to n s . P seu d o g u a ian o lid e s  (lA ) may be formed
by a stereospecific rearrangement of the guaianolide skeleton (l^) as
shown in Scheme IV.
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SCHEME IV
A summary o f  p o s s ib le  s e s q u i te rp e n e  la c to n e  b io s y n th e s is  i s  g iv e n  
in  Scheme V.
To d a te ,  o n ly  g e rm a c ran o lid e  ty p e  s e s q u i te rp e n e  la c to n e s  have 
been i s o la te d  from th e  genus Melampodium. For t h i s  re a so n  a  more 
d e ta i l e d  d is c u s s io n  o f  th e  g e rm a cran o lid e  s t r u c t u r e  i s  im p o r ta n t.
I t  was r e a l i z e d  by K upchan, K elsey  and Sims (KKS)23  th a t  th e  
g e rm acran o lid e  r in g  i s  sy m m etrica l a b o u t th e  C2 -C7 a x i s ,  and th u s
by a stereospecific rearrangement of the guaianolide skeleton (12.) as
shown in Scheme IV.
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SCHEME IV
A summary o f  p o s s ib le  s e s q u ite rp e n e  la c to n e  b io s y n th e s is  i s  g iv en  
in  Scheme V.
To d a te ,  o n ly  g e rm acran o lid e  ty p e  s e s q u i te rp e n e  la c to n e s  have 
been i s o la te d  from th e  genus Melampodium. F o r t h i s  re a so n  a  more 
d e ta i l e d  d is c u s s io n  o f  th e  g e rm acran o lid e  s t r u c t u r e  i s  im p o r ta n t.
I t  was r e a l i z e d  by Kupchan, K elsey  and Sims (KKS)23  t h a t  th e  
g e rm acran o lid e  r in g  i s  sym m etrical abou t th e  C2 -C7 a x i s ,  and th u s
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i t  can be re p re s e n te d  in  two e q u iv a le n t form s A and B. In  A th e
2
3
s u b s t i t u e n t  a t  C-7 ad o p ts  a  /3 -o r ie n ta tio n  w hereas in  B i t  i s  a - o r i e n te d .  
I t  has been proposed24  t h a t  germ acran o lid es  be r e p r e s e n te d  as i n  A 
in  o rd e r  to  conform w ith  H en d rick so n 's  b io g e n e t ic  g e n e r a l i z a t i o n 14’ 15 
th a t  a l l  s e s q u ite rp e n e s  have C-7 /3 -su b s titu e n ts  (KKS r u l e ) .  Indeed , 
s e s q u lte rp e n o id s  from p la n t  so u rces  g e n e ra l ly  fo llo w  t h i s  r u l e ;  i t  
shou ld  be m en tioned , how ever, t h a t  W einheimer and cow orkers2 6  i s o l a t e d  
from m arin e  organism s a  germ acrad iene w ith  an o t-o r ie n te d  C-7 
s u b s t i t u e n t .  The l a t t e r  f in d in g s  dem o n stra te  c l e a r l y  th a t  c a u tio n  
shou ld  govern  th e  a p p l ic a t io n  o f  the  C -7 -/? -ru le  and t h a t  th e  a b s o lu te  
c o n f ig u ra t io n  o f  a  new n a tu r a l  p ro d u c t can o n ly  b e  d e te rm in e d  by 
an a b so lu te  method (X -ray  a n d /o r  neu tro n  d i f f r a c t i o n )  o r  by chem ical 
c o r r e l a t io n  w ith  a compound o f known a b s o lu te  s t r u c t u r e .
A ty p ic a l  exam ple f o r  th e  k ind  o f p rob lem s in v o lv e d  in  th e  
s t r u c tu r e  e lu c id a t io n  o f  a  germ acranolide  was d e m o n s tra ted  i n  th e  
c h a r a c te r iz a t i o n  o f  melampodin-A. From chem ical ev id en ce27  two 
p o s s ib le  s t r u c t u r a l  iso m ers , ( 1 5 ) and ( 16) ,  w ere c o n s i s t e n t  w ith  
th e  KKS23  co n v en tio n s . I t  was o n ly  a f t e r  th e  a b s o lu te  c o n f ig u r a t io n  
o f  melampodin-A was de term in ed  by s in g le  c r y s t a l  X -ray  d i f f r a c t i o n  
(Rogers and N e id le )28  and l a t e r  by n eu tro n  d i f f r a c t i o n  (W atk ins,
F is c h e r , and B e rn a l) , 2 9  t h a t  th e  s t r u c tu r e  o f  melampodin-A was shown 
to  be 1£ .
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R ogers and N e id le  th en  proposed a  new conven tion 30  f o r  th e  
tw o -d im en sio n a l r e p r e s e n ta t io n  o f  th re e -d im e n s io n a l g e rm acran o lid e  
s t r u c t u r e s :  S u b s t i tu e n ts  a t  t e t r a h e d r a l  r in g  atoms u se  th e  conven­
t i o n a l  sym bols ( -  - - ,  ---------) to  den o te  t h e i r  a ,  ft r e l a t io n s h ip
to  th e  p la n e  o f  th e  r in g  and w i l l  be used e x a c tly  a s  in  th e  s t e r o l s .  
The term s c i s  and t r a n s  when a p p lie d  to  en d o cy c lic  d o u b le  bonds 
i n d i c a t e  th e  sequence o f  r in g  bonds. I f  th e  p lan e  o f  such  a  d o u b le  
bond i s  a p p ro x im a te ly  p e rp e n d ic u la r  to  th e  m acrocyc le , one in d ic a te s  
w hich o f  i t s  o r i e n ta t io n s  o ccu rs  by u s in g  th e  above symbols to  
d e n o te  th e  o r i e n t a t i o n  o f  i t s  s u b s t i tu e n ts  a  o r  0  t o  th e  g e n e ra l 
p la n e  o f  th e  m acro cy c le . 3 0  Thus, as in  melampodin-A (IX ), th e  
C -M 5 ) d o u b le  bond i s  t r a n s  w ith  a  0 -m ethyl s u b s t i tu e n t  and an a -  
C-5 hydrogen w h ile  th e  carbom ethoxy group a t  C-10 and th e  H -l a r e  a  
t o  th e  p la n e  o f  th e  r in g .  Melampodin-A was th e  f i r s t  exam ple o f  a 
l ( l O ) - c i s , l |- (5 ) - tra n s  g e rm acran o lid e . T h is new s t r u c t u r a l  f e a tu r e
r e s u l t e d  in  th e  r e c l a s s i f i c a t i o n  o f  g e rm acran o lid e s  in to  th e  fo llo w in g  
fo u r su b g ro u p s :31
1 . The g e rm acro lid es  ( l8 )  p o sse ss  t r a n s  d o u b le  bonds
a t  C-i4-(5) and C -l( lO ) p o s i t io n s  and a re  th e  m ost common 
o f  th e  g e rm a c ran o lid e s . Those w ith  a  7 ,6 - l a c to n ic  r in g  
c lo s u r e  e x i s t  in  a  s ta b le  co n fo rm ation  w ith  th e  C -l^  
and C-15 m ethy l groups b e ing  sy n - o r ie n te d  tow ard  th e  
/? -face  o f  th e  medium r in g ;  t h i s  i s  shown in  th e  con­
fo rm a tio n a l r e p r e s e n ta t io n  fo r  d ih y d ro tam a u lip in -A  
a c e ta te  ( 1 9 ) .32
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2 . The m elam polides (20) have a  t r a n s  double bond a t  C-l*-(5) 
and a t  C -l( lO ) a c i s  c o n f ig u ra t io n  o f th e  double bond.
The a n t i - o r i e n ta t io n  o f  th e  carbom ethoxy group a t  C-10 
and th e  C-4 m ethy l group seems to  be th e  ty p ic a l  c o n fo r ­
m atio n  o f  t h i s  su b -g ro u p . A r e p r e s e n ta t iv e  i s  th e  h ig h ly  
s t r a in e d  compound melampodin-A ( 2 l ) . 27  29
3 . The h e l ia n g o l id e s  (22) have a  c i s . t r a n s  arrangem ent o f
t h e i r  C -^ (5 ) and C - l( lO )  doub le  bonds, r e s p e c t iv e ly .  T h e ir  
co n fo rm a tio n  i s  s im i la r  to  t h a t  o f  th e  m elam polides in  
th a t  C-llj- and C-15 a re  a n t i - o r ie n te d  to  one a n o th e r  bu t 
in  o p p o s ite  d i r e c t i o n s .  T y p ica l d e r iv a t iv e s  o f  th e  
h e l ia n o l id e s  a r e  h e l ia g in e  (2 3 ) , 33 e r i f l o r i n , 3 4  and 
W oodhousin . 35
0
2 g
1 1
4 . The fo u r th  subgroup c o n ta in s  a  c i s , c i s  c y c lo d e c a - l ,5 -d ie n e  
r in g  system  (2 ^ ) .  N a tu ra l p ro d u c ts  b e long ing  to  t h i s  
subgroup have n o t been found, a lth o u g h  eupacunin36  and 
l i a t r i a n 37  seem to  be b io g e n e t ic  d e r iv a t iv e s  o f  th i s  
subgroup.
2 4
G erm acranolides a r e  u s u a l ly  la c to n iz e d  a t  th e  C-6  o r  C-8  
p o s i t io n s  w ith  a d d i t io n a l  oxygen fu n c tio n s  found a t  C -2, C -3, C -5, 
C-6 , C-8 , o r  C-9. E i th e r  o r  b o th  o f  th e  m ethy l g roups may be 
o x id iz e d  to  th e  h y d ro x y l, a ld eh y d e  o r  ca rb o x y l fu n c tio n s  w h ile  e i t h e r  
double bond may be reduced  o r  tran sfo rm ed  in to  epox ide  g roups. 
G erm acranolides a r e  b e l ie v e d  to  be th e  b io g e n e t ic  p re c u rso r s  o f  th e  
o th e r  c la s s e s  o f  s e s q u i te rp e n e  la c to n e s  (Scheme v) fo r  some germa­
c ra n o lid e s  a re  r e a d i ly  c o n v e r te d  in  v i t r o  in to  o th e r  s k e l e t a l  ty p es  
e i t h e r  by a c id  c a t a l y s i s ,  th e rm o ly s is  o r  p h o to ly s is .  As w ith  o th e r  
s e s q u ite rp e n e  la c to n e s ,  m ost o f  th e  chem ical tra n s fo rm a tio n s  t h a t  
g e rm acran o lid es  a re  known to  undergo w ere f i r s t  d e sc r ib e d  in  th e  
co u rse  o f  s t r u c tu r e  d e te rm in a tio n  s tu d i e s .  S e le c te d  exam ples o f  
ty p ic a l  r e a c t io n s  in v o lv ed  i n  th e  s t r u c t u r e  e lu c id a t io n ,  conform a­
t io n a l  a n a ly s i s ,  and c h e m is try  o f  g e rm acran o lid e s  a re  b r i e f l y  
p re se n te d .
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H ydrogenation  and O x id a tio n
These r e a c t io n  ty p es  a re  p r im a r i ly  employed to  make d e r iv a ­
t iv e s  o f  th e  unknown n a tu r a l  p ro d u c ts  in  o rd e r  to  change t h e i r  NMR 
p a ram ete rs  and mass s p e c t r a l  f ra g m e n ta tio n  p a t t e r n s .  H ydrogenation  
( th e  e a se  o r  la c k  o f  i t )  may be used  as chem ical ev id en ce  fo r  th e  
co n fo rm atio n  a n d /o r  s te r e o c h e m is t ry  around th e  doub le  bonds w h ile  
o x id a t io n  can g iv e  a d d i t io n a l  in fo rm a tio n  co n ce rn in g  th e  n a tu re  o f  
hyd ro x y l s u b s t i t u t i o n s .  The fo llo w in g  a r e  exam ples o f  such r e a c t io n s :
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A r te m is i i f o l i n  (26 )38  i s  o x id a t iv e ly  tran sfo rm ed  in to  i s a b e l in  (25 )39 
by u s in g  Cr03 and i s  r e d u c t iv e ly  tra n s fo rm e d  in to  s a lo n i to l i d e  (2 7 )4Q 
u s in g  hydrogen over a  Pd-C c a t a l y s t .  H ydrogeno lysis  o f  2£  fo llow ed  
by CrC)3 o x id a tio n  g iv e s  th e  k e to - la c to n e  28 (Scheme V i) . The o x id a ­
t io n  o f  melampodin-A (17) w ith  chromium t r i o x id e  in  g l a c i a l  a c e t i c
C H ,0CH.O ORC=0
— (“ nmC.-------
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a c id  o r  w ith  Jo n e s ' re a g e n t  produced th e  k e to  compound 2£ . 41  R ing 
s t r a i n  and s t e r i c  f a c to r s  in  th e  medium r in g  seem to  be th e  m ajor 
rea so n s  fo r  a  change in  th e  mode o f  th e  o x id a tio n  r e a c t io n .
A c id -c a ta ly z e d  C y c l iz a t io n s
A nother u s e fu l  app roach  to  th e  s te re o c h e m ic a l c h a r a c te r i z a t i o n  
o f  g e rm acran o lid e s  i s  a f fo rd e d  by th e  a c id - c a ta ly z e d  c y c l i z a t io n s  o f  
th e s e  m o le c u le s . The c o n v e rs io n  o f  d ih y d ro c o s tu n o lid e  (29) to  th e  
eudesm ano lide , d ih y d ro -a -c y c lo c o s tu n o lid e  (5 0 ) 42 i s  a  good example 
(Scheme V I l) .  E p o x id a tio n  o f  2£  gave a  m ix tu re  o f  d ih y d ro p a r th e n -  
o l id e  (51) and i t s  C - l( lO )  epoxy isom er (5 2 ) .  A f u r th e r  a c id -  
c a ta ly z e d  c y c l i z a t io n  o f  J l .  y ie ld e d  th e  g u a ia n o l id e  5543 w h ile  one
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w ould p r e d ic t  th a t  th e  r e a c t io n  o f  ^2 would g iv e  th e  eudesm ano lide  
3 h ' These r e a c t io n s  p o in t  o u t how th e  p o s i t io n  o f  th e  ep o x id e  group 
can d i r e c t  th e  a c id - c a ta ly z e d  c y c l iz a t io n s  o f  g e rm a c ra n o lid e s .
C ham issonin d i a c e t a t e  (55) has been c y c l iz e d  to  cy c lo ch am isso n in  
d i a c e t a t e  (56) u s in g  p e r c h lo r ic  a c id .  T h is t r a n s fo rm a tio n  gave 
im p o r ta n t in fo rm a tio n  in  c o n n e c tio n  w ith  th e  s t r u c t u r e  r e v i s io n  o f  
ch am isso n in . 44  The r e s u l t i n g  eudesm anolide c o n ta in s  a t r a n s - d e c a l in e  
r in g  w ith  a  C-10 m ethy l g roup . To d a te ,  a l l  eudesm ano lides d e r iv e d  
from g e rm acran o lid e s  by a c id  tre a tm e n t have a  t r a n s -d e c a l in e  r i n g . 4 5 *46
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Cope R earrangem ent
G erm acrano lides w hich a re  1 ,5 -d ie n e s  undergo a  Cope r e a r r a n g e ­
m ent a t  e le v a te d  te m p e ra tu re s  ( 15O-25O0 ) to  g iv e  e q u i l ib r iu m  m ix tu re s  
o f  th e  s t a r t i n g  m a te r ia l  and Cope p ro d u c ts . S a u ssu re a  la c to n e  (5 7 ) . 
in  f a c t ,  was i n i t i a l l y  th o u g h t to  be a n a tu r a l  p ro d u c t u n t i l  i t
2 0 0  C
was shown to  be an a r t i f a c t  o f  d ih y d ro c o s tu n o lid e  (2£) w hich had 
formed d u rin g  th e  steam  d i s t i l l a t i o n  o f  th e  p la n t  e x t r a c t . 47
The in  v i t r o  Cope r e a c t io n s  o f  g e rm acran o lid e  la c to n e s  r e q u i r e  
s a tu r a t i o n  o f  th e  a ,/3 -u n s a tu ra te d  doub le  bond in  th e  y - la c to n e  s in c e  
th e  e x o c y c lic  m ethy lene  fu n c tio n  i s  u n s ta b le  a t  h ig h e r  te m p e ra tu re s . 
When th e  d ih y d ro a c e ta te  d e r iv a t iv e  o f  tam au lip in -A  o r  B (^8 o r  5 9 , 
r e s p e c t iv e ly )  was p y ro ly zed  an e q u il ib r iu m  m ix tu re  o f  th e  s t a r t i n g  
m a te r ia l  and th e  Cope p ro d u c t UO o r  1*1, r e s p e c t iv e ly  w ere o b ta in e d .
IS"
3§, R, = OAc; R2= H 
39  R, * H; R2 « OAc
2 2 0  *  
5 min.
40 , R, = OAc; R2 = H 
41 R| * H; R2 * OAc
The Cope rea rra n g em e n t o f  1 ,5 -d ie n e s  has been shown to  p ro ceed  
th ro u g h  a  q u a s i - c h a i r  t r a n s i t i o n  s t a t e 4 8 ’4 9 . The s te r e o c h e m is t ry  
o f  th e  two newly formed asym m etric c e n te r s  (C-5 and C-10 in  ^0 ) 
in d ic a te  t h a t  th e  c o n v e rs io n  o f  d ih y d ro tam a u lip in -A  a c e ta t e  to  
2 -a c e to x y s a u s s u re a  la c to n e  (kO) m ust a ls o  in v o lv e  a c h a i r - l i k e  
t r a n s i t i o n  s t a t e .  C o n seq u en tly , th e  co n fo rm atio n  o f  d ih y d ro tam au ­
l ip in - A  a c e ta t e  can be i l l u s t r a t e d  as ^ 8 . A d d itio n a l e x p e r im e n ta l 
e v id en ce  co n ce rn in g  th e  co n fo rm a tio n  o f  38  i-n s o lu t io n  a t  room 
te m p e ra tu re s  and below was p ro v id ed  by n u c le a r  O verhauser e f f e c t  
s t u d i e s .32 I r r a d i a t i o n  o f  th e  C—U- m ethy l s ig n a l  in c re a s e d  th e
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i n t e n s i t y  o f  th e  H-2 and H-6  p ro to n  s ig n a l s  su g g e s tin g  a  sy n - 
o r i e n t a t i o n  o f  th e s e  g ro u p s . I r r a d i a t i o n  o f  th e  C-10 m ethy l group 
a ls o  p roduced  a  p o s i t iv e  re sp o n se  on th e  H-2 s ig n a l  a g a in  in d ic a t in g  
a  sy n -a rra n g e m e n t. These r e s u l t s  in d ic a te  t h a t  th e  C-lj- and C-10 
m e th y l groups have  th e  same d i r e c t io n  in  sp ace  and th u s  have a  sy n - 
o r i e n t a t i o n .  T h e re fo re , th e  p la n e s  o f  th e  o l e f i n i c  lin k a g e s  sh o u ld  
be a lm o st p e rp e n d ic u la r  to  th e  p la n e  o f  th e  c a rb o c y c l ic  r in g  and 
th e  d o u b le  bonds sh o u ld  have a  c ro s se d  o r i e n t a t i o n  as  shown in  3 8 .
H y d ro ly s is  and R e la c to n lz a t io n
M ost g e rm a c ran o lid e s  c o n ta in  C-6  and C-8  l a c to n iz a b le  oxygen 
fu n c t io n s .  T h is  f e a tu r e  c o n tr ib u te d  to  th e  in c o r r e c t  s t r u c t u r a l  
a ss ig n m en t f o r  s a lo n i t e n o l id e  (U^.), s in c e  i t  was g e n e r a l ly  a cc e p ted  
th a t  g e rm a c ran o lid e s  w ith  C-6  and C-8  oxygen fu n c tio n s  c o u ld , a f t e r  
a lk a l in e  h y d r o ly s i s ,  r e l a c to n iz e  to  e i t h e r  th e  C-6  o r  C-8  p o s i t io n s .  
R e c e n tly , how ever, a  g e n e ra l  r e l a c to n i z a t io n  r u le  f o r  g e rm acran o lid e s  
t h a t  c o n ta in  b o th  C-6  and C-8  l a c to n iz a b le  oxygen fu n c tio n s  was 
d e s c r ib e d :  "Upon s tro n g  a lk a l in e  tre a tm e n t fo llo w ed  by a c i d i f i c a t i o n ,
t h i s  ty p e  o f  g e rm a c ran o lid e  (w ith  an a -h y d ro x y  group a t  C-8 ) r e -  
la c to n iz e s  to  C-8 ." 50
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T hus, h y d ro ly s is  o f  c n ic in  (^2 ) and c h ih u ah u in  (lt-5) under c o n d it io n s  
t h a t  open th e  la c to n e  r in g  gave , upon a c id  t r e a tm e n t ,  a  C-8  l a c to n e .  
C n ic in  can  a ls o  be h y d ro ly zed  u n d e r c o n d it io n s  t h a t  do n o t open th e  
la c to n e  fu n c tio n  b u t  h y d ro ly z e  th e  a t ta c h e d  e s t e r  group a t  C-8 ; t h i s  
method g iv e s  s a lo n i t e n o l id e  (^5 ) . 50
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F u rth e rm o re , i t  has been shown in  th e  g e rm a c ran o lid e  d i la c to n e s  
e le p h a n t in  (U6 ) and e la p h a n to p in  (V£) t h a t  a C-8  la c to n e  e le p h a n to l  
(^ 8 ) i s  formed a f t e r  a lk a l in e  h y d ro ly s is  and r e l a c to n i z a t io n  under 
a c id i c  c o n d i t io n s . 51  In  c o n t r a s t ,  e u p a to r io p ic r in  (il£) w hich c o n ta in s  
a  0 - o r ie n te d  oxygen fu n c t io n  a t  C-8  has  been shown to  re fo rm  th e  C-6  
la c to n e  e u p a to l id e  ( 5 0 ) a f t e r  r e l a c t o n i z a t i o n . 52
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Photochemical Transformation
The b e s t  exam ples o f  th e  p h o to ly s is  o f  g e rm acran o lid e s  a r e  
th o s e  co n ce rn in g  i s a b e l i n  (2^.) and d ih y d r o i s a b e l in  ( 5 1 ) :
uv
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2 U
B ecause one o f  th e  doub le  bonds in  th e  c y c lo d e c a d ie n e  r in g  i s  
a c t i v a te d  by th e  ca rb o n y l fu n c tio n , i t  was p r e d ic te d  t h a t  th e  p h o to -  
c y c lo a d d i t io n  o f  i s a b e l in  (2^.) was p o s s i b l e . 53 T hese tra n s fo rm a tio n s  
w ere  c o n s id e re d  o f  p a r t i c u l a r  i n t e r e s t  b ecau se  th e y  would h e lp  
e s t a b l i s h  th e  n o tio n  th a t  th e  n a tu re  o f  th e  p h o to p ro d u c ts  fo r  such 
system s a re  c o n tr o l le d  in  p a r t  by th e  c o n fo rm a tio n  o f  th e  c y c lo ­
d e ca d ie n e  r in g .  A t room te m p e ra tu re , i s a b e l i n  e x i s t s  in  s o lu t io n  in  
a  10 :7  r a t i o  o f  two N M R -d istingu ishab le  con fo rm ers X and Y. 3 9
However, th e  r a t i o  i s  a l t e r e d  to  1 :5  when i s a b e l i n  i s  d is s o lv e d  in  
CDC13 p re c o o le d  to  - 5O0 and th e  NMR sp ec tru m  re c o rd e d  a t  th a t  
te m p e ra tu re . Conformer Y, w hich i s  th e  m in o r con fo rm er in  s o lu t io n  
a t  room te m p e ra tu re , ap p ea rs  to  be  th e  o n ly  confo rm er p r e s e n t  in  th e  
s o l i d  p h ase . In  conform er X, th e  e n d o c y c lic  d o u b le  bonds a re  in  a  
c ro s se d  o r i e n t a t i o n ,  w hereas in  Y, th e s e  d o u b le  bonds a re  p a r a l l e l .  
B oth conform ers have g e n e ra l  g e o m e tr ic a l  f e a tu r e s  r e q u ir e d  fo r  a 
[2TT + 2TT] c y c lo a d d i t io n ;  how ever, m o le c u la r  m odels i n d ic a te  t h a t  
su ch  a  r e a c t io n  i s  s t r u c t u r a l l y  in h ib i t e d  f o r  confo rm er X.
I s a b e l in  (2£) a f t e r  i r r a d i a t i o n  in  benzene a t  2 5 3 . 7nm 
was c o n v e rted  to  p h o to is a b e l in  (5 2 ) . T h is  c l e a r l y  r e s u l t e d  from a
0
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[2TT + 2TT] c y c lo a d d it io n  p ro cess  in v o lv in g  confo rm er Y. D ih y d ro is a -  
b e l i n  (5JL), in  c o n t r a s t ,  when p h o to ly zed  u n d er th e  same c o n d it io n s  
gave th e  en e-p h o to  p ro d u c t lu m id ih y d ro is a b e lin  (55) (m in o r) . The 
p h o to ly t ic  fo rm atio n  o f  lu m id ih y d ro is a b e lin  i s  a p p a r e n t ly  due to  
th e  f a c t  t h a t  d ih y d ro is a b e l in  (£ 1.), u n l ik e  i s a b e l i n ,  e x i s t s  in  
s o lu t io n  as a  s in g le  conform er in  w hich th e  d o u b le  bonds have a 
c ro s se d  o r i e n t a t i o n  (conform er X) . 53
The p re v io u s ly  d e sc r ib e d  r e a c t io n  ty p e s  a re  commonly used  in  
e s t a b l i s h in g  th e  s t r u c tu r e s  and co n fo rm a tio n s  o f  s e s q u i te rp e n e  
la c to n e s  from v a r io u s  p la n t  c o l le c t io n  o f  a  p a r t i c u l a r  p la n t  s p e c ie s .  
In  th e  p a s t ,  s t r u c tu r e  e lu c id a t io n  was th e  p rim ary  o b je c t iv e  o f  th e  
r e s e a r c h e r ;  now, how ever, t h i s  p ro ced u re  encom passes o n ly  p a r t  o f  
th e  o b je c t iv e  w ith  b io ch em ica l s y s te m a tic s  becom ing j u s t  a s  im p o r ta n t. 
S in c e  th e  b io s y n th e s is  o f  secondary  p la n t  m e ta b o l i te s  i s  g e n e t i c a l ly  
• c o n tro l le d , th e  c o r r e l a t io n  o f  th e  number and ty p es  o f  n a tu r a l  
p ro d u c ts  in  g e n e ra l  and s e s q u ite rp e n e  la c to n e s  in  p a r t i c u l a r  found in  
each  c o l l e c t i o n  may p ro v id e  some k in d  o f  judgem ent as  to  th e  d i s t i n c ­
t i o n  o f  s p e c ie s  w ith in  a  p a r t i c u l a r  gen u s. E v o lu tio n a ry  p ro c e s s e s  
may a ls o  be d e c ip h e re d  by th e se  s tu d ie s .  In  s h o r t ,  t h i s  i s  th e  
r a t i o n a l e  beh ind  b io ch em ica l s y s te m a tic s .
Chemotaxonomy (o r  b iochem ica l s y s te m a t ic s )  i s  now w e ll  
e s ta b l i s h e d  as  an in t e r d i s c ip l in a r y  f i e l d  o f  s tu d y  sp an n in g  s im u l­
ta n e o u s ly  a l l  o f  p h y to ch em istry  and p la n t  s y s te m a t ic s . 5 4 "57  As in  
o th e r  a re a s  o f  s c i e n t i f i c  r e s e a rc h , th e  d e g re e  o f  a c c e p ta n c e  o r 
r e j e c t i o n  o f  th e  m ethods employed in  b io c h em ica l s y s te m a tic s  w i l l  
depend upon th e  r e l i a b i l i t y  o f  th e  chem ica l d a ta .  In  1967* A ls to n
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made th e  fo llo w in g  a s s e r t io n s  a s  to  th e  m a t te r  o f  in f r a s p e c i f i c  
v a r i a t i o n  w hich i s  an im p o rtan t a s p e c t  o f  th e  problem  o f  r e l i a b i l i t y :
" In  modern s y s te m a t ic s ,  v a r i a t i o n  i s  o f te n  
a  v a lu a b le  a s s e t .  A lthough  some s p e c ie s  a re  more 
v a r i a b le  th a n  o th e r s ,  and in  some in s ta n c e s  th e re  
i s  ex trem e polym orphism , v a r i a t i o n  in  g e n e ra l  i s  
a c c e p te d  as a  b io lo g ic a l  f a c t  t h a t  may under c e r ­
t a i n  c o n d it io n s  be e s s e n t i a l  to  a llo w  th e  e f f e c t ­
iv e  s tu d y  o f  p o p u la t io n s , th e  s tu d y  o f  in c ip ie n t  
s p e c ia t io n ,  o r  o f  e c o lo g ic a l  f a c to r s  and o th e r  
im p o rta n t p rob lem s. The s tu d y  o f  g e n e tic s  i s  ab so ­
l u t e l y  dependen t upon p h e n o ty p ic  v a r i a t i o n .  For 
th e s e  and o th e r  re a s o n s , i t  sh o u ld  n o t be e i t h e r  
s u r p r i s in g  o r  d is c o u ra g in g  to  f in d  chem ical v a r i ­
a t i o n  e x i s t in g  even w i th in  a  s p e c ie s .  S in ce  an 
im p o r ta n t e lem ent o f  any s c i e n t i f i c  w ork i s  p r e ­
d i c t a b i l i t y ,  th e  q u e s tio n  o f  v a r i a b i l i t y  m ust be 
e v a lu a te d  a cc o rd in g  to  t h i s  c r i t e r i o n .  I f  chem i­
c a l  v a r i a t i o n  in  p la n ts  i s  so e x c e s s iv e ,  so c a p r i ­
c io u s ,  and so g e n e r a l ly  immune to  a n a ly t i c a l  i n t e r ­
p r e t a t i o n  th a t  p r e d i c t a b i l i t y  i s  e s s e n t i a l l y  la c k ­
in g ,  th e n  such  d a ta  h a rd ly  can  be u t i l i z e d  s c i e n t ­
i f i c a l l y  a t  a l l ,  c e r t a i n l y  n o t by s y s te m a t i s t s .
B u t, i f  v a r i a t i o n  in  seco n d ary  p ro d u c ts  i s  g e n e r­
a l l y  re s p o n s iv e  to  v a r io u s  f a c to r s  s im i la r  t o  th o se  
f a c to r s  w hich govern th e  m orphology o f  a  s p e c ie s ,  
th en  ch em ica l v a r i a t i o n  can be d e s c r ib e d  in  such 
a  way as  to  in tro d u c e  l im i t s  to  th e  v a r i a t i o n  and 
to  d i s c e r n  i t s  p a t t e r n  and th u s , o f  c o u rse , to  
a llo w  p r e d i c t a b i l i t y .  S in c e  th e  l a t t e r  a l t e r n a t i v e  
i s  n e a r ly  a x io m a tic , in  my o p in io n , th e n  th e  p ro b ­
lem i s  m ere ly  to  become f a m i l i a r  w ith  chem ical 
v a r i a t i o n ,  i t s  o r ig in  and f a c to r s  a f f e c t in g  i t ,  
and i t s  l im i t s  and i t s  m eaning, i f  p o s s ib le ,  j u s t  
as any good s y s te m a t is t  would a tte m p t to  s tu d y  
m o rp h o lo g ica l o r  c y to lo g ic a l  v a r i a t i o n ." 54
In  th e  above p a ssa g e , two id e a s  a r e  p a r t i c u l a r l y  im p o rtan t to  n o te :  
a )  " i n f r a s p e c i f i c  v a r ia t io n "  i s  p r im a r i ly  concerned  w ith  sec o n d a ry  
p la n t  p ro d u c ts ,  and b) th e  u n d e rs ta n d in g  o f  chem ical v a r i a t io n  is  
tan tam o u n t to  th e  u n d e rs ta n d in g  o f  i n f r a s p e c i f i c  v a r i a t i o n .  Con­
t in u in g  on th e s e  id e a s ,  i t  i s  known th a t  a l l  p la n t  s p e c ie s  p roduce
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some un ique seco n d ary  compounds, o f te n  in  la rg e  q u a n t i t i e s . 58 
Many o f  th e s e  compounds a r e  known to  s e rv e  as  d e fe n s iv e  a g en ts  
a g a in s t  h e rb iv o re s  and o th e r  p r e d a to r s .  S e s q u ite rp e n e  la c to n e s  may 
s e rv e  in  t h i s  c a p a c i ty  as  a  r e s u l t  o f  t h e i r  b i t t e r  and to x ic  
p r in c ip l e s .  O th e r seco n d a ry  p la n t  compounds r e g u la te  b io ch em ica l 
p ro c e sse s  and m e d ia te  a  v a r i e t y  o f  d ev e lo p m en ta l re sp o n se s , w h ile  
some a re  m e ta b o liz e d  and a r e  th e r e f o r e  found o n ly  in  s te a d y  s t a t e  
c o n c e n t r a t io n s . 5 9
The phenomenon o f  ch em ica l v a r i a t i o n  i s  s tu d ie d  by d e c ip h e r in g  
th e  c h em is try  o f  g e o g ra p h ic a l r a c e s  ( t h a t  i s ,  th e  c h em is try  o f  
d i f f e r e n t  p o p u la tio n s  o f  a  g iv e n  o r  c lo s e ly  r e l a t e d  ta x a )  because  
i t  i s  w e ll e s t a b l i s h e d  t h a t  m ost i f  n o t a l l  s p e c ie s  have been  a b le  to  
r a d i a t e  g e o g ra p h ic a l ly  and e c o lo g ic a l ly  th ro u g h  d i s p e r s a l  and adap­
t a t i o n s  which u s u a l ly  e x h ib i t  some s o r t  o f  e c o ty p ic  v a r i a t i o n . 59  
Some o f  t h i s  e c o ty p ic  ch em ica l v a r i a t i o n  r e p r e s e n t  o n ly  m inor q u a l i t a ­
t i v e  d i f f e r e n c e s  w h ile  in  o th e r  c a se s  t h i s  v a r i a t i o n  ap p ea rs  to  
r e p re s e n t  d ra m a tic  s t r u c t u r a l  change as a  r e s u l t  o f  m u ta tio n a l l o s s :  
th a t  i s ,  th e  a b i l i t y  to  s y n th e s iz e  c e r t a i n  compounds has been  l o s t .
I t  has been re c o g n iz e d  t h a t  ch em ica l a g e n ts  a re  o f  m ajo r s ig n i f ic a n c e  
in  th e  a d a p ta t io n  o f  s p e c ie s  and o rg a n iz a t io n  o f  p o p u la t io n s . 5 8 ,6 0  
T h e re fo re , th e  i n t e r a c t i o n s  o f  p l a n t s ,  a n im a ls , and m icroorgan ism s 
w ith  each o th e r  and w ith  e c o lo g ic a l  and en v iro n m en ta l e lem en ts  o f  a  
g iv en  ecosystem  w i l l  d e te rm in e  much o f  th e  seco n d ary  c h em is try  o f  a  
p l a n t  p o p u la tio n . In d eed , as  p o in te d  o u t b e fo re ,  some in v e s t ig a to r s  
b e l ie v e  th a t  m ost o f  th e  n a tu r a l  p ro d u c t c h e m is try  o f  a p a r t i c u l a r  
p la n t  taxon  s e rv e s  as a  d e fe n s iv e  system  a g a in s t  p re d a to r s .  I t  
s t i l l  m ust be re c o g n iz e d , how ever, t h a t  d e s p i t e  even d r a s t i c  changes
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i n  th e  ecosystem  a p a r t i c u l a r  s t r u c t u r a l  theme ( r e g a rd le s s  o f  th e  
c la s s  o f  compounds) w i l l  a lm o s t alw ays c o n tin u e  to  p e r s i s t  in  a l l  
p o p u la tio n s  o f  a  tax o n  o r  p o p u la t io n s  o f  c lo s e ly  r e l a t e d  ta x a . In  
g e n e r a l ,  th e  s o r t  o f  ch em ica l e c o ty p ic  v a r i a t i o n  th a t  i s  en co u n te red  
on go ing  from p o p u la t io n  to  p o p u la tio n  in v o lv e s  th e  number o f  com­
pounds, d e g re e  o f  o x y g e n a tio n , m e th y la t io n  and g ly c o s y la t io n ,  and 
such  o th e r  s t r u c t u r a l  m o d if ic a t io n s  as re a rra n g em e n ts  and c y c l i z a -  
t i o n s . 59  These m o d if ic a t io n s  may r e s u l t  from th e  f a c t  t h a t  th e  new 
ecosystem  r e q u ir e s  a  p h y s io lo g ic a l ly  d i f f e r e n t  o rgan ism  and t h i s  
b io c h e m ic a lly  d i f f e r e n t  p la n t  th e n  p ro d u c e s , s e c o n d a r i ly ,  th e se  
m inor m o d if ic a t io n s .
G e n e tic  d r i f t ,  o c c u r r in g  in  g e o g ra p h ic a l ly  i s o la t e d  p o p u la ­
t io n s ,  i s  a ls o  a  p o t e n t i a l  so u rc e  o f  g e n e t ic  v a r i a t i o n  w hich co u ld  
le a d  to  ch em ica l r a c e s .  O th e r f a c to r s  w hich  have c o n tr ib u te d  to  
th e  o r ig in  o f  th e  ch em ica l ra c e s  p r e s e n t  in  to d a y 's  ta x a  a re  m ajo r 
g e o lo g ic a l  and c l im a t ic  e v e n ts  such  as th e  s h i f t i n g  o f  land  m asse s , 
fo rm a tio n  o f  m oun ta in  c h a in s ,  and p e r io d s  o f  g l a c i a t i o n .  I t  sh o u ld  
be m en tio n ed , how ever, t h a t  m ost p o p u la t io n a l  chem ica l v a r i a t io n  
w i l l  be u n d e rs to o d  o n ly  when th e  d e t a i l e d  p h y s io lo g ic a l  b a s is  f o r  th e  
d i f f e r e n t i a t i o n  i s  e x p la in e d .
T here  a r e  many exam ples r e p o r te d  i n  th e  l i t e r a t u r e  in  w hich 
th e  i n f r a s p e c i f i c  v a r i a t i o n  o f  s e s q u i te rp e n e  la c to n e s  i s  a  w e ll  
e s ta b l i s h e d  phenomenon. 5 4 ’ 61 -64  P erhaps one o f  th e  m ost in fo rm a tiv e  
s tu d ie s  was th e  d e t a i l e d  co m p ara tiv e  ch em ica l, m o rp h o lo g ic a l, and in  
some in s ta n c e s  c y to lo g ic a l  a n a ly s is  o f  th e  e s s e n t i a l l y  New W orld 
genus A m brosia . 62 Most A m brosia s p e c ie s 62 64 a r e  r i c h  in  s e s q u i te rp e n e
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la c to n e s ;  in  f a c t ,  th e  genus i s  known to  have more th a n  30  d i f f e r e n t  
s e s q u ite rp e n e  la c to n e s  d i s t r i b u t e d  among th e  f iv e  d i f f e r e n t  s k e l e t a l  
ty p e s . The Am brosia s p e c ie s  a r e  c h a r a c te r iz e d  as sh ru b s  o r  p e re n n ia l  
o r  an n u al h e rb s  and a r e  commonly r e f e r r e d  to  as  ragw eeds, p la n ts  
w hich a re  p e rhaps b e s t  known in  N orth  A m erica fo r  t h e i r  c o n tr ib u t io n  
o f  a l l e r g e n ic  p o l le n s  to  th e  a tm osphere . T h ere  a re  now 1+0 reco g n ized  
s p e c ie s  o f  A m brosia and Payne has su g g es te d  a  scheme i l l u s t r a t i n g  th e  
e v o lu tio n a ry  r e l a t i o n s h ip s  o f  th e  m ain N orth  Am erican s p e c ie s . 6 2 ’ 65
A r e p r e s e n ta t iv e  s tu d y  o f  a  p a r t i c u l a r  s p e c ie s  o f  Ambrosia 
i s  found in  a  s tu d y  i n i t i a t e d  by N. H. F is c h e r  and com pleted  by W. 
R enold w ith  re g a rd  to  th e  h e te ro g en o u s  s p e c ie s ,  A. c o n f e r t i f l o r a , 
a  p e re n n ia l  w hich i s  w id e -s p re a d  in  th e  so u th w e s te rn  p a r t  o f  th e  
U n ited  S ta te s  and n o r th e rn  M exico . 66 The s e s q u i te rp e n e  la c to n e  
d a ta  fo r  more th a n  252  p o p u la t io n s  o f  t h i s  s p e c ie s  s e rv e  to  i l l u s ­
t r a t e  bo th  th e  ch em ica l co m p lex ity  w hich a  g iv e n  s p e c ie s  may e x h ib i t
and th e  way p o p u la t io n a l  d a ta  can be u sed  to  d e te c t  e v o lu t io n  a t  
w ork. R enold has r e p o r te d  t h a t  th e  d i s t r i b u t i o n a l  d a ta  fo r  th e  
s e s q u ite rp e n e  la c to n e s  (F ig u re  l )  in d ic a te  t h a t  th e  s p e c ie s  c o n ta in  
a t  l e a s t  fo u r  m u tu a lly  e x c lu s iv e  r a c e s :66
1. The ta m a u lip in  ch em ica l ra c e  i s  th e  m ost w id e­
sp re a d  and ra n g e s  from th e  s t a t e  o f  T am au lip as,
Mexico a c ro s s  n o r th e rn  Mexico to  th e  s t a t e  o f  S in a lo a , 
M exico on th e  P a c i f i c  c o a s t .
2 . The c o n f e r t i f l o r i n  chem ica l r a c e  ( # )  c h a r a c te r iz e s  
th e  s p e c ie s  th ro u g h o u t c e n t r a l ,  s o u th , and w est T exas.
3 . The p s i l o 8 ta c h y in - ty p e  chem ica l r a c e  ( ♦ )  i s  c o n c e n tra te d
in  w est Texas w ith  some p o p u la t io n s  s c a t t e r e d  
th ro u g h o u t th e  s t a t e  o f  Coahuha, M exico.
4 . The ch ih u ah u in  ch em ica l r a c e  ( ■ )  i s  m a in ly  r e s t r i c t e d  
to  th e  s t a t e  o f  C hihuahua and th e  n o r th e rn  p a r t  o f  
Durango, M exico.
Even though th e se  r a c e s  w ere  found to  o c cu r fo r  th e  m ost 
p a r t  i n  d i s t i n c t  g e o g ra p h ic a l r e g io n s ;  th e  s i t u a t i o n  was to o  complex 
to  a llo w  a g e n e r a l iz a t io n .
Chemical  R a c e s  of  Ambrosia  c o n f e r t i f l o r a  DC.
F I G U R E  I
P a r t  I  o f  t h i s  d i s s e r t a t  .o n  p re s e n ts  th e  c h e m is try  in v o lv e d  
w ith  th e  i s o l a t i o n ,  s t r u c t u r e  e lu c id a t io n ,  ch em ica l m o d if ic a t io n ,  
and c o n fo rm a tio n a l c o n s id e ra t io n s  o f  th e  s e s q u i te rp e n e  la c to n e s  
found in  th e  genus Melamoodium (C om positae).
P a r t  I I  co n cern s  th e  b io ch em ica l s y s te m a tic  a s p e c ts  o f  th e  
v a r io u s  p la n t  p o p u la tio n s  w hich w ere c o l le c te d  th ro u g h o u t th e  
so u th w e s te rn  p a r t  o f  Texas and n o r th e rn  M exico.
P a r t  I I I  c o n ta in s  th e  ex p e rim en ta l r e a c t io n s ,  m ethods, and
d a ta .
PART I
The I s o l a t i o n ,  S t r u c tu r e  E lu c id a t io n ,  and C hem istry
o f
S e sq u ite rp e n e  L actones from Melampodium (C om positae)
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The genus Melampodium b e longs to  th e  fa m ily  Com positae 
( th e  su n flo w er fa m ily ) and i s  a  t r o p i c a l  and s u b t r o p ic a l  genus 
g e n e ra l ly  d i s t r i b u t e d  o v e r Mexico and C e n tra l  America w ith  fo u r  
s p e c ie s  lo c a te d  in  th e  so u th w e s te rn  U nited  S ta te s  and th r e e  s p e c ie s  
s c a t te r e d  in  Colom bia and B r a z i l .  R e c e n tly  th e  genus Melampodium 
was re v is e d  by S tu e s sy  to  in c lu d e  37 s p e c ie s  o f  which J>K have 
y e llo w -ray ed  flo w ers  and th e  o th e r  th re e  h av in g  w h ite  flo w er 
p e t a l s . 6 7 ,6 8  T h is  d i s s e r t a t i o n  d e a ls  p r im a r i ly  w ith  th e  w h ite -  
rayed  com plex, w hich a r e  ta p - ro o te d  p e re n n ia ls  found in  th e  d r i e r  
re g io n s  o f  n o r th e rn  M exico and a d ja c e n t  so u th w e s te rn  U n ited  S t a t e s .
In  t h i s  s e c t io n ,  th e  s t r u c t u r e  e lu c id a t io n  and c h em is try  
o f  a number o f  s e s q u i te rp e n e  la c to n e s  i s o la te d  from s e le c te d  
p o p u la tio n s  o f  M. c in ereu m , M. a rg o p h y llu m . and M. americanum 
a re  d e s c r ib e d . I n i t i a l l y  t h i s  i n v e s t ig a t io n  was d i r e c te d  tow ard 
th e  p o p u la tio n a l a n a ly s is  o f  M. cinereum  a lo n e , b u t when th e  r a r e  
sp e c ie s  M. argophyllum  was found in  th e  m ounta ins o f  n o r th e rn  
Mexico i t  was d ec id ed  th a t  t h i s  s p e c ie s  sho u ld  a ls o  be in c o rp o ra te d  
in to  o u r s tu d ie s .  The s t r u c t u r e  e lu c id a t io n  o f  a s e s q u ite rp e n e  
la c to n e  i s o la te d  from M. am ericanum  i s  a l s o  in c lu d e d , f o r  in
•X*
c o n t r a s t  to  e a r l i e r  r e p o r t s ,  t h i s  i s  th e  f i r s t  s e s q u ite rp e n e  
la c to n e  i s o la te d  from a y e llo w -ra y e d  s p e c ie s  o f  Melampodium.
i
*
A number o f  e x t r a c t s  from d i f f e r e n t  y e llo w -ra y e d  s p e c ie s  o f  
Melampodium c o n ta in e d  no s e s q u i te rp e n e  la c to n e s .  (N. H. F is c h e r ,  
u n p u b lish ed  d a ta )
I s o l a t i o n  o f  S e s q u ite rp e n e  L actones
A number o f  d i f f e r e n t  p ro c e d u re s  have been used  fo r  th e  
i s o l a t i o n  o f  s e s q u i te rp e n e  la c to n e s .  The method o f  ch o ice  i s  
u s u a l ly  d e te rm in ed  by th e  ty p e  o f  n a tu r a l  p ro d u c ts  p re s e n t  in  a  
p a r t i c u l a r  c o l l e c t i o n .  In  t h i s  in v e s t ig a t io n ,  th e  fo llo w in g  p ro ­
ced u re  was used  f o r  a l l  p o p u la t io n a l  c o l l e c t io n s  (Scheme IX ).
1. The w eighed d r ie d  le a v e s  w ere ground in  a  W aring 
b le n d e r  and e x tr a c te d  w ith  ch lo ro fo rm . A f te r  two 
h o u rs  th e  s l u r r y  was f i l t e r e d  and th e  le av e s  w ere 
r e - e x t r a c t e d  w ith  c h lo ro fo rm . C hloroform  was 
chosen  f o r  th e  e x t r a c t io n s  s in c e  te rp e n o id  ty p e  
n a tu r a l  p ro d u c ts  show re a so n a b le  s o l u b i l i t y  and i t  
has a low b o i l in g  p o in t  f o r  r a p id  e v a p o ra tio n .
2 . The. combined ch lo ro fo rm  e x t r a c t s  w ere ev ap o ra ted  
and th e  r e s id u a l  c ru d e  sy rup  was d is s o lv e d  in  
e th a n o l and t r e a te d  w ith  a  5# aqueous l e a d ( l l )  
a c e t a t e  s o lu t io n  ( l  m l. o f  e th a n o l and 1 m l. o f  
l e a d ( l l ) a c e t a t e  s o lu t io n  p e r  1 g . o f  d r ie d  le a v e s ) .
The l e a d ( l l ) a c e t a t e  s o lu t io n  p r e c i p i t a t e s  m ost 
p h e n o lic  ccxnpounds such  as f la v o n o id s , as w e ll  as 
c h lo r o p h y l ls .
3 . The e th a n o l /w a te r  m ix tu re  was a llow ed  to  s ta n d  fo r  
a b o u t one ho u r and th en  f i l t e r e d  th rough  f i l t e r  a id  
( C e l i t e ) .  The e th a n o l /w a te r  f i l t r a t e  was ev ap o ra te d  
to  a p p ro x im a te ly  o n e -h a lf  o f  i t s  o r ig i n a l  volum e,
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and th en  e x tr a c te d  th re e  tim es w ith  a p p ro p r ia te  
amounts o f  ch lo ro fo rm .
If. The combined ch lo ro fo rm  e x t r a c t s  w ere d r ie d  ov er 
magnesium s u l f a t e ,  f i l t e r e d ,  and e v ap o ra te d  le a v in g  
th e  c ru d e  te rp e n o id -c o n ta in in g  e x t r a c t .
At t h i s  p o in t ,  th e  v a r io u s  p la n t  e x t r a c t s  w ere an aly zed  
by th in  la y e r  chrom atography and pmr as to  t h e i r  p o s s ib le  s e s ­
q u i te rp e n e  la c to n e  c o n te n t .  In  some in s ta n c e s ,  s e s q u i te rp e n e  la c to n e s  
c r y s t a l l i z e d  from th e  crude e x t r a c t  a f t e r  s ta n d in g  fo r  ap p ro x im a te ly  
two w eeks. In  o th e r  c a s e s ,  column chrom atography  was u sed  to  
i s o l a t e  th e  s e s q u ite rp e n e  la c to n e s .  The e x a c t c o n d i t io n s  w hich w ere 
u sed  in  th e  i s o l a t i o n  o f  s e s q u ite rp e n e  la c to n e s  w i l l  be  d e sc r ib e d  
in  t h e i r  r e s p e c t iv e  ex p e rim en ta l s e c t io n s  (PART I I I ) .
MELAMPODIN-B
An e x te n s iv e  a n a ly s is  o f  o v e r  80 p o p u la tio n s  o f  M. leucanthum  
(a  w h ite -ra y e d  s p e c ie s )  f o r  t h e i r  s e s q u ite rp e n e  la c to n e  c o n te n t 
was c a r r ie d  o u t by Mr. R u s s e l l  W iley and M rs. C aro ly n  F ishback  
in  ou r la b o ra to ry .  T h is  in v e s t i g a t i o n  has le d  to  th e  i s o l a t i o n  
and s t r u c tu r e  e lu c id a t io n  o f  a  number o f  new and n o v e l s e s q u ite rp e n e  
la c to n e s  in  w hich melampodin-A ( l£ )  was chosen as a  bench mark 
compound fo r  t h i s  ty p e  o f  g e rm a c ra n o lid e , th e  m elam p o lid es .2 7 ,2 9 ,3 1
A nother s t r u c t u r a l  ty p e  o f  g e rm a c ran o lid e , th e  d i la c to n e  
melampodin~B (5 6 ) , was i s o l a t e d  by W iley  from a  s in g le  p o p u la tio n  o f  
M. leucanthum  found in  w e st T ex as . 69  Due to  th e  l im ite d  amount o f  
m a te r ia l  th e  s t r u c t u r e  o f  melampodin-B was m ain ly  deduced on the  
b a s is  o f  s p e c t r a l  d a ta  u s in g  300MHz nmr ^C m r a n a ly s e s .  W ith th e  
e x c e p tio n  o f  th e  p r e p a r a t io n  o f  melampodin-B a c e t a t e ,  no fu r th e r  
chem ical s tu d ie s  w ere c a r r i e d  o u t on melam podin-B.
I t  was re c o g n ize d  v e ry  e a r ly  in  my s tu d y  o f  th e  chem ical 
c o n s t i tu e n ts  o f  M. cinereum  th a t  melampodin-B (5 6 ) re p re se n te d  th e  
m ajo r component in  t h i s  s p e c ie s  and th a t  a  number o f  new s t r u c t u r a l l y  
r e l a t e d  s e s q u ite rp e n e  d i la c to n e s  a l s o  o ccu rred  w ith  56 . For th i s  
re a so n  melampodin-B was chosen  as a  model compound in  th e  s t r u c tu r e  
e lu c id a t io n  o f  o th e r  new s e s q u i te rp e n e  la c to n e s  from M. cinereum . 
S ince  th e  s p e c t r a l  p a ra m e te rs  o f  melampodin-B w ere f r e q u e n tly  
used in  th e  s t r u c t u r a l  c o n s id e ra t io n s  o f  th e  o th e r  r e l a t e d  
compounds, th e  fo llo w in g  summary o f  th e  p h y s ic a l and s p e c t r a l  d a ta  o f  
melampodin-B was c o n s id e re d  a p p r o p r ia te .
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Melampodin-B ( 5 6 ) ,  Ci7 H ie0 7 > mP 226-228° (d e c .)>  rep resen ted  
th e  minor component in  one p o p u la tio n  o f  M. leucanthum  but was th e  
m ajor, most p o la r , c o n s t i t u e n t  in  M. cinereum  and M. argophyllum .
The i r  spectrum  o f  56  shows a b so rp tio n s  ty p ic a l  o f  an a ,/3 -u n s a tu ra te d  
•y-lactone ( I 78O cm 1 ) and s ig n a l s  a t  3^20 and 1665 cm 1 a re  in d ic ­
a t iv e  o f  a h y d ro x y l g ro u p , and doub le  bonds, r e s p e c t iv e ly .
The s t r u c tu r e  56 , how ever, was m ain ly  deduced by c o r r e l a t in g  th e  
25.2MHz ^C m r and 300MHz pmr s p e c t r a l  d a ta .  The mass s p e c t r a l  
p a t te rn s  as w e ll  a s  th e  p h y s ic a l  d a ta  o f  a number o f  d e r iv a t iv e s  o f  
56 c o rro b o ra te d  th e s e  i n t e r p r e t a t i o n s .
Carbon-13 NMR D ata  o f  Melampodin-B
The ^C m r sp ec tru m  o f  56  was o b ta in e d  u n d er p ro to n  n o is e  
decoupled (PND) and s in g le  freq u en cy  o f f  c e n te r  decoup led  (SFOCD) 
c o n d it io n s . A PND spec trum  o f  56  in d ic a te d  th a t  th e  compound 
c o n ta in s  17 carb o n  atom s; th e r e f o r e ,  CiyHigCV i s  th e  o n ly  e m p ir ic a l  
form ula in  agreem ent w ith  b o th  th e  ^C m r s p e c t r a l  d a ta  and th e  
e lem en ta l a n a ly s is  o f  56 . The r e s id u a l  s p l i t t i n g s  in  th e  SFOCD
HOCH,
56 56o
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TABLE 1
C arbon-13 P aram eters  o f  Melampodin-B (5 6 )
S k e le ta l  Type Chem ical S h i f t  A ssignm ent
175-0 s C -l4
-C(C=0)-0 170.4  s C - l '
  169 .9  s C-12
148.7 s C-10
(c )2 -c= 136.6 s C-4
  151.1 s C - l l
7 9 .7  d C-8
(C)2 -CH-0 7 5 .9  d C-6
____________________________________ 68 .6  d c - l _____
154.2 d c -9
C-HC=
_______________ ___ 1 2 2 .£  d „ C-5
28.7  t r  C-3
C-CIfe-C
_____________________________________  2 3 .9  t r  C-2
HaC=  123.0  t r  C-13
C-CIfe-0 6 5 .5  t r  C-15
(C)2 -CH-C 5 0 .5  d C-7
-CH3 _______________________  2 1 .7  q__________________ C -2 '
The spectrum  was d e te rm in ed  on a  V arian  XL-100-15 s p e c tro m e te r  o p e r a t ­
in g  F o u r ie r  tra n s fo rm  mode w ith  p ro to n  d eco u p lin g . The ch em ica l s h i f t s  
a r e  r e l a t i v e  to  i n t e r n a l  TMS and a re  re c o rd ed  in  ppm r e l a t i v e  to  TMS. 
PND, p ro to n  n o ise -d e c o u p le d  sp ec tru m ; SFOCD, s in g le - f re q u e n c y  o f f -  
c e n te r  decoup led  sp ec tru m . The number o f  l in e s  in  th e  SFOCD sp ec tru m  
a re  d e s ig n a te d  as  fo llo w s : s ,  s i n g l e t ;  d , d o u b le t;  t r ,  t r i p l e t ;  q , 
q u a r t e t .  Spectrum  was o b ta in e d  in  p y r id in e -d g .
spectrum  o f  th e  compound in d ic a te  th e  number o f  hydrogen atoms 
a tta c h e d  to  a p a r t ic u la r  carbon atom. T hus, a s i n g l e t  s i g n i f i e s  
th a t  th e  carbon has no a tta ch ed  h yd rogen s, a d o u b le t  in d ic a te s  on e , 
a t r i p l e t  two, and a q u a r te t th r e e  hydrogens a t  a carbon atom. 
T h e r e fo r e , u s in g  both th e ch em ica l s h i f t  v a lu e s  (6 )  and th e  p a tte r n  
o f  a p a r t ic u la r  s ig n a l ,  i t  was d eterm ined  th a t  melampodin-B con ­
t a in s  th e  fo llo w in g  s k e l e t a l  u n i t s : 69 a ) th r e e  -C(C=0 ) - 0 , b) 
th r e e  ( c ) z - C = ,  c )  th ree  (c)2 -C H -0 , d ) two C-HC=, e )  two C-CIfe-C, 
f )  one H2C=, g ) one C-CH2-O, h) one ( c ) a -C H - C ,  and i )  one -CH3 
group (T able JL). I n i t i a l  a ssign m en ts o f  a number o f  ch em ica l s h i f t s  
fo r  th e  r e s p e c t iv e  carbon atoms o f  melampodin-B w ere made by 
com parison w ith  th e  ^Cmr s p e c tr a l  d a ta  o f  m elam podin-A .71
PMR S p e c tr a l Data o f  Melampodin-B
The c o r r e la t io n  o f  th e  -^Cmr s p e c t r a l  d a ta  w ith  th e  pmr 
s p e c t r a l  p a ram ete rs  o f  ^6 (F ig u re  2 , T ab le  2 ) ,  w hich in c lu d e d  
e x te n s iv e  doub le  reso n an ce  e x p e r im e n ts , p ro v id ed  s u b s t a n t i a l  ev id en ce  
f o r  th e  a ss ig n e d  s t r u c tu r e  o f  melampodin-B (5 6 ) .  The 300MHz 
spectrum  o f  £6  in  p y rid in e -d g  e x h ib i t s  d o u b le ts  a t  66 .^ 7  and 65*93 
and a  one p ro to n  m u l t ip l e t  a t  63*56. T hese s ig n a l s  a re  c h a r a c t e r i s t i c  
o f  ctt j3~ unsatu rated  s e s q u ite rp e n e  -y - la c to n e s . Upon i r r a d i a t i o n  o f  
th e  s ig n a l  a t  63*56 (H-7 ) bo th  d o u b le ts  a t  65*93 (H -13a) and 66 .^7  
(H-13b) c o lla p s e d  to  s in g le t s  w h ile  th e  t r i p l e t  a t  6 ^ .9 9  (H-6 ) 
s im p l i f ie d  to  a broadened d o u b le t and th e  b roadened  s i n g l e t  a t  
65*95 (H-8 ) sharpened  to  a  s i n g l e t .  F u r th e r  d eco u p lin g  ex p erim en ts  
showed th a t  th e  broadened d o u b le t a t  65*99 (H -5) was co u p led  to
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TABLE 2
PMR P a ram e te rs  o f  Melampodin-B (5 6 )
A ssignm ent 56c ,e 56b ’ f
H -l 5 .9 6  b rd d  (6 . 5 , 6 . 5 ) 5 .53  m
H-2a 1 .92  m X
H-2b 2.14-5 m X
H-3 2 .2 0  m X
H-5 5 .9 9  b rd  ( 1 0 . 0 ) 5 .5 9  b rd  ( 10 . 0 )
H-6 lf.9 9  t r  ( 1 0 . 0 ) lf.5 8  t r  ( 10 . 0 )
H-T 3 .5 6  brdd  ( 1 0 . 0 , 3 A 6 m
3 .5 ,  3 -0 )
H-8 5 .9 5  b rs 5 .8 8  b rs
H-9 7 .6 3  b rs 7 .5 6  dd ( 1 . 0 , 1 .
H-13a 3-93 d ( 3 .0 ) 5-93  d (3 . 0 )
H-13b 6 M  d (3 . 5 ) 6 .2 7  d (3 . 5 )
H-15 a ) k . j k  b rd  ( 1 5 . 0 ) If. 10 b rs
A ce ty l
b) If.lfO b rd  ( 1 5 .O) 
2 .0 2  s 2 .0 3  s
-OH 6 .6 0 X
a  = CDCI3 , b = a c e to n e -d p , c = p y r id in e - d ^ ,  e = 300MHz spec trum , 
f  = 100MHz sp ec tru m , C hem ical s h i f t s  a r e  in  ppm ( 6 ) r e l a t i v e  to  
TMS as  an i n t e r n a l  s ta n d a rd .  The fo llo w in g  symbols a r e  used to  
d e s c r ib e  th e  r e s p e c t iv e  s ig n a l s :  s ,  s i n g l e t ;  d , d o u b le t ;  t r ,
t r i p l e t ;  q , q u a r t e t :  p , p e n te t ;  h ,  h e p t e t ;  x , ob scu red  by 
o v e r la p p in g  s ig n a l s ;  m, m u l t i p l e t ;  C oup ling  c o n s ta n ts  in  c p s .
NOTE: Follow ing  NMR T ab les  have used  th e  same sym bols fo r  d e s ­
c r ib in g  th e  v a rio u s  s p e c t r a l  p a ra m e te rs .
th e  t r i p l e t  a t  6 4 .9 9  (H -6) and th a t  th e  broadened s i n g l e t  a t  65*95 
(H-8) was co up led  to  th e  b roadened  s in g l e t  a t  57*63 (H -9 ). A c e ty l- 
a t io n  o f  56  cau sed  a  s i g n i f i c a n t  d o w nfie ld  s h i f t  o f  th e  b roadened  
d o u b le ts  a t  64 .3 4  and 6 4 .4 0  (two d ia s t e r e o to p ic  C-15 m ethy lene  
p ro to n s )  w h ile  o x id a t io n  o f  £6 w ith  S a r e t t ' s  re a g e n t r e s u l t e d  in  a 
lo s s  o f  th e s e  a b s o rp tio n s  and th e  ap pearance  o f  a s ig n a l  a t  69*49 
( ty p i c a l  o f  an a ld eh y d e  p ro to n ) .  The above d a ta  to g e th e r  w ith  th e  
o b s e rv a tio n  t h a t  th e  o x id a t io n  o f  56  caused  th e  H-5 s ig n a l  a t  65*99 
to  s h i f t  d o w n fie ld  to  66 .64  in d ic a te d  th e  p re sen c e  o f  a jS-hydrogen 
in  an a., /3 -u n sa tu ra ted  a ld eh y d e  in  £8 ; t h i s  n e c e s s i ta te d  th e  p re se n c e  
o f  a  p r im a ry , a l l y l i c  a lc o h o l  fu n c tio n  in  5 6 .
In  a d d i t io n ,  th e  p re se n c e  o f  a  m ethy l s i n g l e t  a t  6 2 .0 2 , 
ty p ic a l  o f  an  a c e ta t e  g ro u p , and th e  absence  o f  any o th e r  re so n an ces  
ty p ic a l  fo r  m eth y l o r  a ld eh y d e  p ro to n s  su g g es te d  th a t  th e  C-4 and 
C-10 m eth y l fu n c tio n s  in  melampodin-B m ust be o x id iz e d  to  a lc o h o l 
a n d /o r  c a rb o x y lic  a c id  fu n c t io n s .  The s t r u c t u r a l  d a ta  d e s c r ib e d  
above s t r o n g ly  su g g e s te d  th a t  56  i s  a  g e rm a c ra n o lid e - ty p e  s e s q u i t e r ­
pene d i la c to n e  w hich c o n ta in s  one p rim ary  a l l y l i c  a lc o h o l and one 
a c e ta te  g roup . S in c e  th e  g e rm acran o lid e s  have a  C2 -C7 a x is  
o f  symmetry, two s t r u c tu r e s  a re  p o s s ib le  (g iv e n  th e  above d a ta )  f o r  
m elam podin-B . S ubsequen t d eco u p lin g  ex p erim en ts  on th e  s ig n a l s  a t  
6 1 .9 2 , 6 2 .4 5 , (H -la  and H - lb ) ,  62.22 (H -2 ), 65*96 (H-8 ) ,  and 6 7 .6 3  
(H-9) in d ic a te d  th a t  th e  a ce to x y  fu n c tio n  i s  a t ta c h e d  a t  C - l (n o t 
C-3) and th a t  th e  C-8  l a c to n ic  p ro to n  s ig n a l  i s  a t  65*96.
The s te r e o c h e m is tr y  o f  melampodin-B was m ain ly  d ec ip h ered  
by u s in g  th e  c o u p lin g  c o n s ta n ts  o f  th e  C -5, C-6 , C -7, and C-8
p ro to n s  to g e th e r  w ith  b io g e n e t ic  c o n s id e r a t io n s .69 A d d it io n a l  
s te re o c h e m ic a l ev id en ce  f o r  melampodin-B has been found in  th e  
p r e s e n t  s tu d y  and w i l l  be  d is c u s s e d  in  th e  fo llo w in g  s e c t io n s .
F ig u re  2. i l l u s t r a t e s  th e  f i n a l  s t r u c t u r e  o f  melampodin-B w ith  i t s  
c o rre sp o n d in g  nmr p a ra m e te rs .
Mass S p e c t r a l  D ata  o f  Melampodin-B
The re o c c u ra n c e  o f  a  number o f  s ig n i f i c a n t  peaks i n  th e  m ass 
s p e c t r a  o f  m elam podin-B , i t s  d e r iv a t iv e s ,  and analogs h as  p roved  
to  be v e ry  h e lp f u l  in  th e  s t r u c t u r e  e lu c id a t io n  o f  th e  g e rm a c ra n o lid e  
d i la c to n e s  and we have f r e q u e n t ly  u sed  them as d ia g n o s t ic  m arkers  
fo r  new ly i s o l a t e d  compounds (Schemes XI, X II I ,  and X V l). Due to  
th e  la c k  o f  i s o t o p i c a l l y  la b e le d  compounds f i n a l  p ro o f fo r  th e  
fo llo w in g  mass s p e c t r a l  i n t e r p r e t a t i o n s  was n o t a v a i l a b le .  However, 
th e  su g g e s te d  f ra g m e n ta tio n  p a t t e r n s  a re  q u i te  re a so n a b le  and w e l l  
docum ented in  th e  l i t e r a t u r e .  I n te n s e  peaks a t  m/e 2 j b ,  2 5 6 , and 
228 w ere  g e n e r a l ly  o b se rv ed  in  th e  melampodin-B type compounds.
The m ass sp ec tru m  o f  melampodin-B la c k s  a  p a re n t  peak even  u n d er 
low v o l ta g e  (20 MeV) c o n d i t io n s ,  b u t shows in te n s e  peaks a t  m /e 
2 j k ,  256  (b a se  p e a k ) , and 228. In  c o n t r a s t ,  melampodin-B a c e t a t e
(5 7 ) g iv e s  a  p a re n t  peak a t  m /e 376  and a  peak a t  m/e 333  (M+ -^ 3 ) 
in d ic a t in g  th e  lo s s  o f  an acy lium  io n  (CHaCO*) from th e  p a re n t  
m o le c u le . The fragm ent c o rre sp o n d in g  to  m /e 27^ (M+ -  102) c o u ld  be 
form ed by a  s e q u e n t ia l  o r  s im u ltan eo u s  lo s s  o f  CH3COOH (60 m .u . ) 
and (^2 m .u .) .  The lo s s  o f  a c e t i c  a c id  by a M cL affe rty
re a rra n g em e n t7 2 , w hich o ccu rs  i n  a c e ta te  d e r iv a t iv e s  w ith  hydrogen
NMR Spectral Parameters of Melampodin~B
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atoms p to  th e  carbon  atom to  w hich th e  a ce to x y  group i s  a t t a c h ­
ed , i s  w e ll documented. The la c k  o f  a  0 -hydrogen a llo w s th e  
a c e ta t e  group a t ta c h e d  to  C-15 in  XL o n ly  to  form th e  n e u t r a l  
frag m en t, k e ten e  (k2 m .u .)  and an io n iz e d  a lc o h o l w hich g iv e s  r i s e  
to  th e  peak  a t  m/e 256  by th e  lo s s  o f  H2 O (18 m .u .) .  The in te n s e  
peak  a t  m /e 228 in  56  and XL c o u ld  be due to  th e  lo s s  o f  CO (28 
m .u .)  from th e  fragm ent m /e 256  a s  i l l u s t r a t e d  by th e  fo llo w in g  
fra g m e n ta tio n :
H
The lo s s  o f  CO from y - la c to n e s  a p p ea rs  to  be common in  th e s e  ty pes 
o f  compounds. 73
Melampodin-B D e riv a tiv e s
Melampodin-B was c o n v e rted  i n to  i t s  a c e ta te  (5 7 ) ,  a ldehyde
(5 8 ) ,  and th e  11 ( 13 ) -d ih y d ro  d e r iv a t iv e  ( 5 9 ) p r im a r i ly  to  change i t s  
pmr p a ram e te rs  and to  c o r r e l a t e  th e  mass s p e c t r a l  frag m e n ta tio n  
p a t t e r n s  o f  th e se  compounds. In  a d d i t io n ,  th e  c o rre sp o n d in g ly  
d i f f e r e n t  e lem en ta l a n a ly s is  o f  each  d e r iv a t iv e  confirm ed  C17H1QO7 
as  th e  c o r r e c t  e m p ir ic a l  fo rm ula  o f  m elam podin-B. In  g e n e r a l ,  due to  
changes in  s o l u b i l i t y  o f  th e s e  new compounds d i f f e r e n t  s o lv e n ts ,  and 
th e r e f o r e  d i f f e r e n t  te c h n iq u e s  ( i . e .  NOE, s p in -d e c o u p lin g , s h i f t
k 8
MELAMPODIN-B DERIVATIVES
AcOCHpHOCH2
H2 / P d C
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TABLE 2.
PMR P a ra m e te rs  o f  Melampodin-B D e r iv a tiv e s
A ssignm ent
H -l
2LC 
5 .8 4  m
58°
5 .5 2  m
52b
5 .6 1  m
6 ob
4 .8 2  dd 
( 12 . 0 , 5 . 0 )
H-5 5 .6 9  d 
( 1 0 . 0 )
6.6^4- d 
( 10 . 0 )
5 . 5O brd 
( 10 . 0 )
5 .67  d 
( 10 . 0 )
H-6 4 . 93 t r  
( 1 0 . 0 )
4 .8 1  t r  
( 1 0 . 0 )
4 .9 1  m 4 .4 7  t r  
( 10 . 0 )
H-7 3 .5 2  m 3 .8 2  m 2 .9 5  m 3 .0 9  m
H-8 5 .8 9  b rs 5 .9 6  b rs 5 .6 0  b rs 5 .72  b rs
H-9 7 .5 8  d 
( 1 . 0 )
7 .7 1  b rd  
( 1 . 0 )
7 .3 3  s 7 .9 0  d 
(2 . 0 )
H-15a 5 .8 9  d 
(3 -0 )
6 .0 5  d 
(3 .0 ) 1 .4 0  d 3 .9 4  d
H-13b 6 . lH d 
(3 .5 )
6 .3 6  d 
(3 -5 )
(8 . 0 )
H-15 I4-.69 d 
( 1 . 0 )
9 .4 8  d 
(1 .5 )
4 .1 7  d 
(6 . 0 )
a ) 4 .1 0  dd 
( 1 . 0 , 1 . 0 )
b ) 4 .2 7  dd 
( 1 . 0 , 1 . 0 )
A cety l 2 .0 2  s 2 .1 0  s 2 .0 8  s
H - l l 4..91 m 3 . 5O ddd 
( 1 1 . 0 , 4 . 0 , 4
-OH 3 .9 4  dd 
( 1 . 0 , 5 . 0 )
b = ace to n e '-d6 ; c = p y r id in e - d g . A ll s p e c t r a  a re 100MHz.
r e a g e n t  s tu d ie s )  can be employed in  nmr ex p e rim en ts . The s t r u c t u r a l  
f e a tu r e  m ost e a s i l y  re c o g n ize d  as a  r e s u l t  o f  th e  c o n v e rs io n  o f  jj>6 
in to  2L and was th e  p o s i t io n  and type  o f  h y d ro x y l s u b s t i t u t i o n .
As p re v io u s ly  m en tio n ed , th e  broadened d o u b le ts  a t  6^ . 3 ^ and 6 ^ .4 0  
in  56. a p p ea r d o w n fie ld  a t  6 ^ .6 9  in  as a b roadened  d o u b le t  i n d i c ­
a t in g  th e  p re se n c e  o f  a  h y d ro x y l group. The d o w n fie ld  s h i f t  o f  t h i s  
two p ro to n  s ig n a l  in  Jj>X su g g es ted  th e  p re sen c e  o f  a  p rim ary  a lc o h o l 
in  5 6 . O x id a tio n  o f  56  w ith  S a r e t t ' s  re a g e n t to  g iv e  58  confirm ed  
t h i s  h y p o th e s is .  The p re se n c e  o f  an a ld eh y d ic  p ro to n  a t  69*^9 and a 
d o w n fie ld  s h i f t  o f  th e  H-5 d o u b le t a t  65*99 in  56  to  5 6 .6 0  in  58  
a ls o  in d ic a te d  th a t  56  Is an a l l y l i c  a lc o h o l .  The ch em ica l s h i f t  
o f  th e  H-5 d o u b le t  i s  ty p ic a l  fo r  a g-hydrogen in  an  a , / J - u n s a tu ra te d  
a ld e h y d e . The o b serv ed  a l l y l i c  co u p lin g  betw een H~5 and H-15 in  £8 
a ls o  c o r ro b o ra te d  th e  ass ig n m en t o f  th e  C-!{-(5) d o u b le  bond w ith  a 
h y d ro x y l group a t  C-15 in  56  and a C-15 a ldehyde  fu n c tio n  in  5 8 .
The rem ain in g  peaks in  th e  pmr s p e c t r a  o f  and 58  c lo s e ly  
re sem b le  th e  c o rre sp o n d in g  peaks in  5 6 , b o th  in  ch em ica l s h i f t  and 
c o u p lin g  c o n s ta n t  v a lu e s  (T ab le  3)* On th e  b a s is  o f  th e s e  
o b s e rv a tio n s  i t  was concluded  th a t  th e  rem ain ing  p a r t s  o f  th e  m o lecu le  
w ere n o t a f f e c t e d  in  th e  chem ical co n v e rs io n  o f  56  i n to  an(* 5 ^* 
S in ce  th e r e  a r e  no new c h i r a l  c e n te rs  formed o r  tra n s fo rm e d  in  th e  
fo rm a tio n  o f  £ £  and 5 8 , th e  s te re o c h e m is try  o f  th e s e  d e r iv a t iv e s  
was a s s ig n e d  by a p p ly in g  th e  same b io g e n e t ic  and pmr c o n s id e ra t io n s  
t h a t  w ere employed f o r  melampodin-B.
The h y d ro g e n a tio n  o f  melampodin-B was u n d e rta k en  fo r  two 
re a s o n s :  l )  to  g a in  an u n d e rs tan d in g  o f  th e  r e a c t i v i t y  and
s te re o c h e m ic a l consequences invo lved  in  th e  h y d ro g e n a tio n  o f  th e  
d i f f e r e n t  dou b le  bonds in  ^6 ; 2) th e  h y d ro g e n a tio n  p ro d u c t( s )  
c o u ld  p o s s ib ly  be used  to  c o r r e la t e  melampodin-B w ith  i t s  b io g e n e t ic  
M 5 ) " d ih y d ro p ro d u c t, a n o th e r  new s e s q u i te rp e n e  la c to n e  w hich w i l l  be 
d is c u s s e d  l a t e r .  B r ie f  h y d ro g en a tio n  o f  56  o v e r 10$ Pd/C p ro v id ed  
ll( l3 )-d ih y d ro m e la m p o d in -B  (22) in d ic a t in g  th a t  th e  more h ig h ly  
s u b s t i t u t e d  C -^ (5 ) and C -10(9) double  bonds a r e  s t e r i c a l l y  le s s  
a c c e s s ib le  to  s a tu r a t i o n .  H ydrogenation  w ith  th e  more v ig o ro u s  PtOa 
c a t a l y s t  removed a l l  th r e e  doub le  bonds in  26 . The s te re o c h e m is try  
o f  2 2  co u ld  n o t be a c c u ra te ly  a ss ig n e d  s in c e  a  m ix tu re  o f  c lo s e ly  
r e l a t e d  iso m e rs , p o s s ib ly  th e  C - l l  e p im e rs , seemed to  be th e  
d ih y d ro p ro d u c ts .
Melampodin-B was transfo rm ed  in to  th e  tr ib ro m id e  60 u s in g  a 
s a tu r a te d  s o lu t io n  o f  HBr in  g l a c i a l  a c e t i c  a c id .  Under th e s e  
c o n d itio n s  e i t h e r  a  SN1 o r  r e a c t io n  c o u ld  have o c c u rre d  in v o lv in g  
th e  a l l y l i c  ace to x y  fu n c tio n  a t  C -l and th e  a l l y l i c  a lc o h o l  a t  C -15 . 
An a c id - c a ta ly z e d  M ichael a d d i t io n  m ust have ta k e n  p la c e  a t  C-13 o f  
th e  a , /3 -u n s a tu ra te d  la c to n e . In  th e  c a se  o f  th e  s u b s t i t u t i o n  a t  
C -15, th e  r e s u l t i n g  s te re o c h e m is try  i s  n o t r e l e v a n t ,  w h ile  a t  C - l ,  
th e  r e a c t io n  co u ld  have o ccu rred  w ith  r e t e n t io n  o r  in v e r s io n  o f  
c o n f ig u r a t io n  a t  th e  c h i r a l  c e n te r  in  56 . The o b serv ed  c o u p lin g  
c o n s ta n ts  ( J i , 2 a = 1 2 .0 H z ., J i , 2 b= 5 .0 H z .) f ° r  th e  H -l d o u b le t  o f  
d o u b le ts  c e n te re d  a t  6^.83  can on ly  be  e x p la in e d  i f  one o f  th e  C-2 
p ro to n s  (H -2a) i s  a n t i - p e r ip la n a r  to  th e  C -l p ro to n  w h ile  th e  
t o r s io n a l  an g le  betw een th e  o th e r  C-2 p ro to n  (H -2b) and H -l i s  
ap p ro x im a te ly  6 0 ° . U n fo r tu n a te ly , s te reo m o d e ls  in d ic a te d  th a t  th e se  
re q u ire m e n ts  can  be met w ith  H -l in  e i t h e r  an ot o r  /3 -o r ie n ta t io n
depending  upon th e  co n fo rm atio n  around th e  carb o n  atoms 1 , 2 , and 
3 in  60. Thus th e  a b s o lu te  s te re o c h e m is try  a t  C -l in  60 co u ld  n o t  
be de term in ed  by s p e c t r a l  m ethods. The m u l t ip l e t  a t  63*50 
(J 7 > l l “ l l * °  H z ., J l i * X3a= J l i » I 3b= ^ .0  H z.) in  60 was a ss ig n e d  to  
H - l l .  The la rg e  c o u p lin g  c o n s ta n t ( J 7 , n =  11 .0  H z .) i s  ty p ic a l  o f  
two p ro to n s  in  an a n t i - p e r ip la n a r  o r i e n t a t i o n ;  th e r e f o r e ,  because  
H-T was assumed to  be a - o r ie n te d  on b io g e n e t ic  g ro u n d s , H - l l  m ust 
be jS -o rie n te d . In  60 , th e  two d ia s te r e o to p ic  p ro to n s  a t  C-15 a re  
n o n -e q u iv a le n t due to  th e  p ro b ab le  s t e r i c  i n t e r a c t io n s  betw een th e  
brom ine a t  C-15 and n e ig h b o rin g  groups w hich m ust p re v e n t  f r e e  
r o t a t i o n  ab o u t th e  C4 -C i5 a x i s .  Thus, two H-15 s ig n a l s  w hich  a r e  
d o u b le t o f  d o u b le ts ,  g em in a lly  as w e ll as a l l y l i c a l l y  co u p led , 
ap p ea r a t  6^ .1 0  and 6 ^ .2 7 . In  c o n t r a s t ,  th e re  m ust be f r e e  r o t a t i o n  
ab o u t th e  Cl x -C i3 a x is  s in c e  th e  e q u iv a le n t  H-13a and H-13b ap p ea r 
as a sh arp  d o u b le t a t  63*9^* S p in -sp in  d e c o u p lin g  ex p erim en ts  
in v o lv in g  th e  s ig n a ls  o f  H -l, H-5, H-6 , H-7> H-8 , H -9, H - l l ,  H-13, 
and H-15 v e r i f i e d  th e  s t r u c t u r a l  a ss ig n m en ts  o f  60 (F ig u re  1+). The 
s i m i l a r i t y  o f  th e  co u p lin g  c o n s ta n ts  (H-5, H-6 , H-7> H-8 , and H-9) 
o f  60  and 56  seemed to  be an e x p re ss io n  o f  s te re o c h e m ic a l and 
c o n fo rm a tio n a l s i m i l a r i t y  betw een 60 and m elam podin-B ( 5 6 ) .
H-8.H-5
8.0 5.5 5 . 0  4 . 5  4 . 0
Acetone
3 . 5  3 . 0  2 . 5  2 . 0  1-5 1.0
VJl
4 ( 5 ) -Dlhydrom elam podin-B
4(5)-D ihydrom elam podin-B  (6.1), C17H2 0 O7 , mp. 2 0 4 -205°, i s  
a  c o lo r le s s  c r y s t a l l i n e  g e rtn a c ran o lid e  d i la c to n e  w hich has been 
i s o l a t e d  from on ly  a few p o p u la tio n s  o f  M. c in ereu m . I t  shows i r  
a b so rp tio n s  (n u jo l )  a t  3400, 1785> 1750 , and 1665 cm 1 v a lu e s ,  w hich 
a re  q u i te  s im i la r  to  a b s o rp tio n s  in  m elam podin-B. Compound 6 l  
m ust c o n ta in  a  hyd ro x y l fu n c tio n  (3400 cm"1 ) ,  a  s t r a in e d  y - la c to n e  
(1785  cm 1 ) ,  and a , j3-u n s a tu ra te d  e s t e r  (1750  cm"1 ) ,  and d o u b le  bonds 
(1665  cm x) w hich a re  a ls o  p re s e n t  i n  £6 . 7 °  The s t r u c t u r e  o f  4 ( 5 ) -
dihydrom elam podin-B  (6 l )  was m a in ly  e lu c id a te d  by c o r r e l a t i n g  i t s  
100MHz pmr p a ram ete rs  and mass s p e c t r a l  fra g m e n ta tio n  p a t te r n s  
w ith  th o se  o f  melam podin-B.
In  th e  100MHz pmr spec trum  o f  th e  new compound, d o u b le ts  a t  
6 5 .9 2  and 66.45 and a  m u l t i p l e t  a t  63*43 s i g n i f i e d  t h a t  t h i s  
compound r e p re s e n ts  an a ,/3 ~ u n sa tu ra te d  y - la c to n e  (F ig u re  5» T ab le  4 ) .  
I r r a d i a t i o n  o f  th e  m u l t ip l e t  a t  63 .43  (H-7 ) c o lla p s e d  th e  d o u b le ts  
a t  65 .92  and 66.45 (H-13a and H -13b), s im p l i f ie d  th e  m u l t i p l e t  a t
H0CH
0
is
61
54
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TABLE 4
PMR P aram eters  o f  U (5) -D ihydrom elam podin-B (6 l )  and D e r iv a tiv e s
A ssignm ent 6 l c 6 2 a
H -l 5 .5 0  m 5 .6 5  m 5 .3 7  m 5 -3 9  ddd
( 5 . 5 , 5 . 5 , 1 . 0 )
H-6 3 .5 0  m U. 05 m 3 .7 6  m 3 .9 7  m
H-T 3 .3 7  m 3.1*3 m 3 .1 3  m 3 .3 5  m
H-8 5 .9 2  b rs 5 .9 6  b rs 5 .6 1  b rs 5 .5 8  b rs
H-9 8 .0 3  d 8 .13  d 7 .5 1  d 7 .8 4  dd
( 1 . 0 ) ( 1 . 0 ) (1 .5 ) ( 1 . 0 , 1 . 0 )
H-15 a 6 .0 0  d 
(3 .0 )
5 .9 1  d 
(3 .0 )
5 .8 2  d 
( 3 .0 )
1 .33 d
H-13b 6 .3 1  d 
(3 .5 )
6 A 5 d 
(3 .5 )
6.1*4 d 
(3 .5 )
(8 . 0 )
H-15 3 .7 0  m 3 .5 8  d 3 .8 7  d 3 .3 7  d
(6 . 0 ) (7 .0 ) (6 . 0 )
A ce ty l
H - l l
-OH
2 .0 2  s 2 .0 3  s 2 .0 6  s 2 .0 3  s 
2 .9 3  m
3 .7 1  t r  
(5 .5 )
a  = CDCI3 ; b = a c e to n e -d ^ ; c = p y r id in e -d ^ .  S p e c tra  a re  100MHz.
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6 ^ .05  (H-6 ) ,  and sh arpened  th e  b roadened  s i n g l e t  a t  65*96 (h -8 ) .  
I r r a d i a t i o n  o f  th e  H-8  s ig n a l  s im p l i f ie d  th e  m u l t i p l e t  a t  63*^3 (H-7) 
and c o lla p se d  th e  d o w nfie ld  d o u b le t a t  §8.03 (H -9) to  a  b roadened 
s i n g l e t .  At t h i s  p o in t ,  th e  g ro ss  s i m i l a r i t i e s  betw een th e  pmr 
d a ta  o f  ^(5)-d ihydrom elam podin-B  (6 l )  and melampodin-B (^6 ) w ere 
a p p a re n t .  The m a jo r pmr s p e c t r a l  d i f f e r e n c e s  betw een £6  and 61 
w ere observed  in  th e  C-6  and C-15 p ro to n  s ig n a l s .  In  m elam podin-B, 
th e  C-6  l a c to n ic  p ro to n  s ig n a l  ap p ea rs  as  a  sh a rp  t r i p l e t  a t  6^*99 
w h ile  in  6 l  th e  H-6  s ig n a l  r e p r e s e n ts  a  com plex m u l t i p l e t  a t  6^*03*
T h is im p lied  th a t  more than one p ro ton  i s  a tta c h e d  to  C-5 . F urther  
e v id e n c e  th a t  61 i s  a d ih y d r o d e r iv a t iv e  o f  melampodin-B was g iv e n  
by a two p roton  d o u b le t  a t  63*58 w hich  su g g e s te d  th e  p r e sen ce  o f  a 
m eth y len e group (tw o C-15 p r o to n s)  cou p led  to  a p roton  a t  C-b.
In d eed , double  re so n an ce  ex p erim en ts  on ^ ( 5 )-d ihydrom elam podin-B  
a c e ta te  (6 2 ) showed th a t  i r r a d i a t i o n  a t  63*88  (C-15 p ro to n s )  a f f e c te d  
th e  envelope  a t  ab o u t 6 2 .0 0 , w h ile  i r r a d i a t i o n  a t  62 .00  (H -^) caused  
th e  d o u b le t a t  63*88 to  c o l la p s e .  T h is  in d ic a te d  th a t  61 and 62 
c o n ta in  a  C 4  p ro to n  th a t  i s  n o t p r e s e n t  in  m elam podin-B.
Mass S p e c tr a l  D ata o f  ^ ( 5 ) -D ihydrom elam podin-B  and D e r iv a tiv e s
F u r th e r  ev id en ce  co n ce rn in g  th e  s t r u c t u r e  o f  6_1 came from th e  
c o r r e l a t i o n  o f  th e  mass s p e c t r a l  f ra g m e n ta tio n  p a t te r n s  o f  
melampodin-B (^6 ) and i t s  a c e ta te  (57) w ith  th e  f ra g m e n ta tio n  p a t t e r n s  
o f  61. and 62 (Scheme X I) .  Both 6 l  and 62 g iv e  p a re n t  peaks a t  
m /e M+336 and M+378 , r e s p e c t iv e ly ;  th e r e f o r e ,  i t  was im m ed ia te ly  
a p p a re n t th a t  th e  m ajo r peaks a t  m /e 2 j 6 ,  2 5 8 , and 230  in  6 l  and 62
58
MASS SPECTRAL DATA of MELAMPODIN B-TYPE COMPOUNDSjA)
C H jC -0  H
M *3 7 6 - 4 3  (CHLC50) ■ 
[ 2 . 8 ]
3 3 3  [26 .5 ]
(CH3COO)
ROCH
274  ’ iStHjp)
[9701
[53.5J
M 3 3 4 -  6 0  (CH,COOH )
- ♦ 2 5 6  [100] 
[ 1 0 0 ]
- 2 8 J  (CO)
2 2 8
[ 9 3 ]
[ 9 6 .5 ]
CH3C - O  H
R O C H2
R - H  
R *  Ac
M+ 3 7 8  - 4 3 ( C H 3C = 0 ) - * 3 3 5  [18.8]
[81 31 - 5 9 ^ ( C H 3C 00)
2 7 6  - | 8 ( H 20) - ♦  2 5 8  [100]
[70.0 ] [.00]
[59.6] - 2 8  |  (CO)
*  2 3 0
M+ 3 3 6 -  6 0 (C H ,C 0 0 H )  I ™ !
[71.5] 3 lZ0ZJ
SCHEME XI
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d i f f e r e d  from th o se  in  56  and ( i . e .  m /e 274 , 2 5 6 , and 228) by 
two mass u n i t s .  F urtherm ore , th e  d i f f e r e n c e  o f  two mass u n i t s  has 
to  be  s i tu a te d  in  th e  medium r in g s  o f  61 and 6 2 . The pmr s p e c t r a  
o f  6 l  and 62 c o n ta in  th e  s ig n a l s  ty p ic a l  o f  e x o c y c lic  m ethy lene  
d o u b le ts  (C-13 p ro to n s )  and th e  d o w n fie ld  d o u b le t ty p ic a l  o f  th e  13- 
hydrogen a t  C-9 o f  th e  a> /3 -u n sa tu ra ted  la c to n e .  T h e re fo re , th e  
ab sen ce  o f  th e  C -4(5) doub le  bond in  6 l  m ust r e p r e s e n t  th e  s t r u c t u r a l  
d i f f e r e n c e  betw een melampodin-B and V(5 ) -dihydrom elam podin-B .
The ass ignm en ts  o f  th e  peaks a t  m /e 2 7 6 , 2 5 8 , and 23O in v o lv ed  
th e  same argum ents w hich w ere used  in  th e  ass ig n m en t o f  th e  melam­
podin-B  fra g m e n ta tio n  p a t t e r n s .  T h a t i s ,  4 ( 5 ) -dihydrom elam podin-B  
a c e ta te  (6 2 ) g iv e s  a p a re n t  peak a t  m /e 3 78  and a  peak  a t  m /e 355  
(M+ - 43) in d ic a t in g  th e  lo s s  o f  an acy lium  io n  (CHaCO+ ) from th e  
p a re n t  m o le c u le . The fragm ent co rre sp o n d in g  to  m /e 276  (M+ - 102) 
cou ld  be formed by a  s e q u e n t ia l  o r  s im u lta n eo u s  lo s s  o f  CH3 COOH 
(60 m .u . ) and CH2 =C=0 (42 m .u .) .  The lo s s  o f  a c e t i c  a c id  from 
a c e ta te  d e r iv a t iv e s  (b o th  6 l  and 6 2 ) w ith  hydrogens to  th e  carbon  
atom c a r ry in g  th e  ace to x y  group o ccu rs  v i a  a  M cL affe r ty  r e a r r a n g e ­
m en t. 71  The la c k  o f  a /3-hydrogen a llo w s th e  a ce to x y  group a t  C-15 in  
62  to  form o n ly  th e  n e u t r a l  fragm en t, k e te n e  (42 m .u . ) ,  and an 
io n iz e d  a lc o h o l which g iv e s  r i s e  to  th e  peak  a t  m /e 258  by th e  lo s s  
o f  H2 O (18 m .u . ) .  The in te n s e  peak a t  m /e 23O in  61 and 62 co u ld  
be due to  th e  lo s s  o f  CO (28 m .u .)  from th e  m /e 258  fragm ent 
(Scheme X I) .
6o
4(5)-DIHYDR0MELAMP0DIN-B DERIVATIVES
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S C H E M E  XII
k (5 ) -Dihydromelampodin-B D e r iv a t iv e s
61
U(5 ) -D ihydrom elam podin-B  was c o n v e rted  in to  i t s  a c e ta te  (62) 
and th e  4 (5 )> ll( l3 )" te tra h y d ro m e la m p o d in -B  (63) p r im a r i ly  to  
c o rro b o ra te  C17Ifeo07 as  i t s  e m p ir ic a l  fo rm u la . The p re v io u s ly  
m entioned mass s p e c t r a l  and pmr d a ta  o f  62 gave s u b s t a n t i a l  ev id en ce  
fo r  th e  c o r r e c t  s t r u c t u r a l  a ss ig n m en ts  o f  6 l .  The a n t ic ip a te d  
fo rm atio n  o f  th e  t e t r a h y d r o - d e r iv a t iv e  63. from b o th  61, and 56  by 
c a t a l y t i c  h y d ro g e n a tio n  w ould have p ro v id e d  chem ical ev id en ce  fo r  
th e  s t r u c tu r e  o f  6 l .  U n fo r tu n a te ly , c a t a l y t i c  h y d ro g e n a tio n  o f  
melampodin-B w ith  10$ Pd/C gave o n ly  ll( l5 )-d ih y d ro m ela m p o d in -B  
(5 9 ) w hich r e s i s t e d  a  f u r t h e r  u p ta k e  o f  hydrogen to  g iv e  th e  
te t r a h y d r o - d e r iv a t iv e  6 3 . a  n e c e s sa ry  s te p  fo r  th e  c o r r e l a t i o n  o f  
56  w ith  61 (Scheme X I I ) .
Melampodin-B ( 5 6 ) sh o u ld  r e p re s e n t  th e  b io g e n e t ic  p re c u rs o r  
fo r  th e  If(5 )-d ih y d ro  compound 6 l . S in ce  ^6 has a  f ix e d  co n fo rm a tio n , 
th e  C-lj-(5) d o ub le  bond i s  q u a s i - p e r p e n d ic u la r  to  th e  medium r in g  
and th e  C-15 group i s  o r ie n te d  above th e  p la n e  o f  th e  medium r i n g . 69 
C onsequen tly , a  b io g e n e t ic  r e d u c t io n  p ro c e ss  v ia  f r o n t - s id e  a t t a c k  
shou ld  le a d  to  a  /3 -o r ie n te d  C-15 group in  61 ( fo llo w in g  d iag ram ).
is CHjOH tsC H tO H
H
H
Due to  th e  absence  o f  a  d o u b le  bond a t  C -^ (5 ) in  6 l ,  th e  
medium r in g  i s  more f l e x i b l e  and p o s s ib ly  e x i s t s  in  d i f f e r e n t  con­
fo rm a tio n s , in  c o n t r a s t  to  a  f ix e d  co n fo rm a tio n  in  melampodin-B.
On th e  b a s is  o f  th e  above b io s y n th e t ic  assum ption  th e  c h i r a l  
c e n te r s  a t  C - l ,  C-6 , C -7, and C-8  i n  61 sh o u ld  rem ain  th e  same in  
th e  co n v e rs io n  o f  melampodin-B ( 5 6 ) to  U (5)-dihydrom elam podin-B  (6 l )
MELAMPODIN-C
Melampodin-C (6 4 ), C igH^pO /. mp 199~201°, c o -o c c u rre d  w ith  
melampodin-B i.n Melampodium arg o p h y llu m . a  se ldom ly  found p la n t  in  
th e  m ountains o f  n o r th e rn  M exico. IR a b s o rp tio n s  o f  64 w ere 
in d ic a t iv e  o f  a  h y d ro x y l group (3500  cm 1) ,  a  y " la c to n e  (1765  cm 1 , 
and an a ,/3 -u n s a tu ra te d  e s t e r  (1720 cm 1 ) . 7 °  The s t r u c tu r e  o f  
melampodin-C was in f e r r e d  from th e  c o r r e l a t i o n  o f  th e  pmr s p e c t r a l
° \H 3  M 0 ,
CH-C-0  H \ ± ~ 0  
CH3 *  a
HOCHg
p aram ete rs  w ith  th o se  o f  m elam podin-B ( 5 6 ) .  The mass s p e c t r a l  
frag m e n ta tio n  p a t te r n s  o f  th e  two compounds showed c lo s e  s i m i l a r i t i e s  
betw een th e  medium r in g  system s o f  64 and 5 6 , and th e  co n v e rs io n  o f  
bo th  64 and melampodin-B (5 6 ) to  th e  tr ib ro m id e  60 im p lied  t h a t  th e  
medium r in g  p o r t io n s  o f  56 and 64 a re  i d e n t i c a l .
The 100 MHz s p e c t r a  o f  melampodin-C (T ab le  5> F ig u re  6 ) and 
o f  melampodin-B (T ab le  2 , F ig u re  2 ) e jd i ib i t  g ro s s  s i m i l a r i t i e s .  
In s te a d  o f  th e  a c e ty l  m eth y l s i n g l e t  a t  62 .02  in  5 6 , a p a i r  o f  
d o u b le ts  ap p ear a t  61 .11  in  64 w hich  i n t e g r a t e  f o r  s ix  p ro to n s . An 
a d d i t io n a l  o n e -p ro to n  h e p te t  a t  62 .52  su g g es te d  th a t  th e  C -l s id e
63
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7 . 5  7 . 0 6 .5 6 . 0  5 . 5
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TABLE 5_
PMR P aram eters  o f  Melampodin-C (64) and D e r iv a tiv e s
A ssignm ent 64b 64° 6 i b 66b
H -l 5-55 m 5.85  m 5 .6 6  m 5 .6 1  m
H-5 5 .6 0  d 
( 1 0 . 0 )
5 .95 d 
( 10 . 0 )
5 .4 9  d 
( 10 . 0 ) 1-* 
• 
0 
-p-
 
• 
0
0 — 
a
H-6 4 .6 1  t r  
- ( 1 0 . 0 )
4 .9 4  t r  
( 10 . 0 )
4 .6 6  t r  
( 10 . 0 )
4 .8 2  t r  
( 1 0 . 0 )
H-7 3 A 8  m 3 .5 1  m 3 • 16 m 3.38m
h -8 5 .8 6  b rs 5 .8 9  b rs 5 .5 8  b rs 5 .6 1  b rs
h-9 7 -5 4  d 
(1 .5 )
7 .5 6  d 
(1 .5 )
7 .1 4  d 
(1 .5 )
7 .1 1  s
H-13a 5 .9 2  d 
(3 -0 )
5 .8 8  d 
(3 -0 )
5 .8 0
(3 -0 )
5 .9 0  d 
(3 .0 )
H-13b 6 .2 7  d 
(3 .5 )
6 .4 2  d 
(3 -5 )
6 .4 3  d 
(3 .5 )
6 .5 1  d 
(3 .5 )
H-15 4 . l4  d 
( 1 . 0 )
4 .33  brs 4 .6 2  d 
(1 .5 )
9 .4 7  d 
( 1 . 0 )
3 ' , If1 Me 1.15 d 
(7 -0 )
1 .1 1  d 
(7 .0 )
1 .1 9  d 
(7 -0 )
1 .14  d 
(7 .0 )
H -21 2 .5 8  h t
(7 .0 )
2 .5 2  h t  
(7 .0 )
2 .5 3  h t  
(7 -0 )
2 .5 0  h t  
(7 .0 )
A c e ty l 2 .1 1  s
b = a c e to n e -d 6 ; c = p y r id in e -d ^ ; S p e c tra  a re  lOCMHz.
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c h a in  in  64 c o n ta in s  an is o p ro p y l g roup . E lem en ta l a n a ly s is  d a ta  
s u b s ta n t ia te d  C19H22O7 as th e  e m p ir ic a l fo rm ula  o f  m elam podin-C; 
th u s ,  th e  C -l s id e  c h a in  m ust r e p re s e n t  an i s o b u ty r a te  g ro u p . I r r a d i a ­
t i o n  o f  th e  m u l t ip l e t  a t  63*51 (H-7) r e s u l te d  i n  th e  fo llo w in g  
o b s e r v a t io n s :  a )  th e  c o l la p s e  o f  th e  d o u b le t a t  65*88 (H -IJa )  and
th e  d o u b le t  a t  66 .42  (H-13b) to  s i n g l e t s ;  b) th e  sh a rp e n in g  o f  th e  
s ig n a l  a t  6 5 * 8 9  (H-8 ) ;  c )  th e  c o lla p s e  o f  th e  t r i p l e t  a t  6 4 . 9 4  (H-6 ) 
in to  a  b roadened  d o u b le t .  F u r th e r  doub le  re so n an ce  ex p erim en ts  
in v o lv in g  th e  h e p te t  a t  6 2 .5 2  and th e  two m ethy l d o u b le ts  a t  61 .11  
confirm ed  th e  h y p o th e s is  th a t  th e  C -l s id e  c h a in  c o n ta in s  an is o p ro p y l 
g ro u p . Double i r r a d i a t i o n s  a t  th e  H - l ,  H-5, H-6 , H-8 , and H-9 s ig n a l s  
s u b s ta n t ia te d  th e  c o n c lu s io n  th a t  th e  s k e l e t a l  a rran g em en t o f  th e  
medium r in g  in  melampodin-C i s  i d e n t i c a l  to  m elam podin-B.
Mass S p e c t r a l  D ata  o f  Melampodin-C and D e r iv a tiv e s
The mass s p e c t r a  o f  melampodin-C (64) and i t s  a c e t a t e  (6 5 ) 
c o n ta in  th e  ty p ic a l  peaks a t  m /e 274, 2 5 6 , and 228  i n  a d d i t io n  to  
t h e i r  r e s p e c t iv e  p a re n t  peaks a t  m /e M+362 and M*^4-04. M cL afferty  
rea rran g em en t in  64 (M+362) was h y p o th e s ize d  in  o rd e r  to  a cco u n t 
f o r  th e  lo s s  o f  th e  C -l i s o b u ty r a te  m o ie ty  (88 m .u .)  and th e  
r e s u l t i n g  m ajo r fragm ent a t  m /e 274. In  6 .^ (M*4o4) th e  peak  a t  m /e 
361 (M -43 ) in d ic a te s  th e  lo s s  o f  an acy lium  io n  (CH3 CO ) from th e  
p a re n t  m o lecu le  w h ile  th e  fragm ent c o rre sp o n d in g  to  m /e 274 
(M+ “130) co u ld  be formed by a  s e q u e n t ia l  o r  s im u lta n eo u s  lo s s  o f  
(CHg^CHCOOH (88  m .u .)  and CH2=C=0 (42 m .u .) .  As b e fo re ,  th e  lo s s  
o f  i s o b u ty r ic  a c id  from 65. o ccu rs  v ia  a  M cL afferty  re a rra n g em e n t
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MASS SPECTRA L DATA of MELAMPOOIN B-TYPE COMPOUNPS(B)
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s in c e  65. has hydrogen atoms p to  th e  carb o n  atom to  w hich th e  i s o ­
b u ty r a te  group i s  a t ta c h e d . The la c k  o f  a  j9-hydrogen a llo w s  th e  
a c e ta te  group a t ta c h e d  to  C-15 in  65. to  form o n ly  th e  n e u t r a l  frag m en t, 
k e te n e  (b2 m .u .)  and an io n iz e d  a lc o h o l w hich g iv e s  r i s e  to  th e  peak  
a t  m /e 256 by th e  lo s s  o f  HgO ( l8  m .u .) .  The in te n s e  peak  a t  m/e 
228 in  6U and 6 £  cou ld  r e s u l t  from th e  lo s s  o f  CO (28 m .u .)  from th e  
fragm ent m /e 2 5 6 . The c o r r e l a t i o n  o f  melampodin-B w ith  melampodin-C 
i s  shown in  Scheme X I I I .
Melampodin-C D e r iv a tiv e s
Melampodin-C was tra n sfo rm e d  in to  th e  a c e ta te  65., th e  
a ldehyde 6 6 , and th e  tr ib ro m id e  60 (Scheme XIV); t h e i r  e lem en ta l 
a n a ly se s  confirm ed  C19H2 2 O7 as th e  e m p ir ic a l  fo rm ula  o f  6^ .  D e riv a ­
t iv e s  6£  and 66  gave c o n c lu s iv e  p ro o f  t h a t  melampodin-C c o n ta in s  a 
p rim ary  a l l y l i c  a lc o h o l a t  C-15 f o r  th e  fo llo w in g  re a s o n s :  a ) th e
tw o -p ro to n  d o u b le t w hich ap p eared  a t  6^ . 1^ in  6k was s h i f t e d  down­
f i e l d  to  6^ .62  in  6£ ; b ) th e  a c e ta t e  6£  c o n ta in e d  one a c e ty l  m ethy l 
s ig n a l  a t  6 2 .1 1 ; c) th e  d o u b le t a t  65*60 (H -5 ) i n  6k was found 
d o w n fie ld  a t  66 .^ 0  in  6 6 ; d) th e  H-15 s ig n a l  in  6k_ was l o s t  and a  
s ig n a l  a t  69*^7 > ty p ic a l  o f  an  a ld e h y d ic  p ro to n , was found in  6 6 ; e ) 
th e  a l l y l i c  co u p lin g  betw een H-5 and H-15 was o b serv ed  in  6 6 . The 
tribrom o-com pound (6 0 ) was formed from melampodin-C as w e ll  as 
from melampodin-B ( 56 ) .  T h is  chem ica l c o n v e rs io n  im p lied  th a t  
b o th  56  and 6^  have th e  same medium r in g  s k e le to n .  I t  co u ld  be 
a rg u ed , how ever, th a t  under th e  g iv e n  r e a c t io n  c o n d itio n s  (HBr/HOAc) 
a 7 , 6 - la c to n e  and a 7 , 8 - la c to n e  c o u ld , upon r in g  opening  and
MELAMPODIN-C DERIVATIVES
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r e l a c t o n i z a t i o n ,  le a d  to  th e  same tr ib ro m id e  6 0 . The c lo s e  
s i m i l a r i t i e s  o f  th e  pmr s p e c t r a l  d a ta  o f  th e  o r ig i n a l  compounds 
56 and 6k r u l e  o u t t h i s  p o s s i b i l i t y ;  t h a t  i s ,  b o th  ^6 and 6^ 
a lr e a d y  r e p r e s e n t  7 » 6 - la c to n e s .  H ence, t h i s  tra n s fo rm a tio n  proved 
t h a t  th e  s t r u c t u r a l  d i f f e r e n c e  betw een melampodin-C and melampodin-B 
m ust be r e s t r i c t e d  to  th e  s id e  c h a in  a t  C - l (Scheme XV).
S te re o c h e m is try  o f  Melampodin-C and D e r iv a tiv e s
Two b io g e n e t ic  a ssu m p tio n s  w ere made in  th e  s te re o c h e m ic a l 
a ss ig n m en ts  o f  m elam podin-C: l )  th e  H-7 has an a - o r i e n t a t i o n  r e l a t i v e  
to  th e  p la n e  o f  th e  medium r in g  (as  was found in  th e  r e l a t e d  melam- 
podin-A , th e  a b s o lu te  c o n f ig u r a t io n  o f  w hich i s  known2 9 ’3 1 ) ,  and 2 ) 
th e  C -^ (5 ) dou b le  bond h as  a  t r a n s - c o n f ig u ra t io n .  The p ro to n  s p in -  
s p in  in t e r a c t io n s  ( J 5 , 6= lO.OOIIz; J 6 »7= 10.0Hz; J 7 , 8= 2.5H z; and 
J s , g= 1.5Hz) su g g es te d  t h a t  th e  to r s io n  a n g le s  betw een th e  r e s p e c t iv e  
p ro to n s  a r e  a p p ro x im a te ly , 180, 180, 80, and 80°. These s p e c t r a l  
a ss ig n m en ts  a r e  in  f u l l  agreem ent w ith  th e  s k e l e t a l  a rrangem ent as 
i l l u s t r a t e d  in  6 k . I n s p e c t io n  o f  s te reo m o d e ls  f o r  th e  d i f f e r e n t  
iso m e ric  p o s s i b i l i t i e s  showed th a t  th e  o n ly  o th e r  s k e l e t a l  a rrangem en t 
o f  6k  w hich  would g iv e  s im i la r  to r s io n  a n g le s  fo r  th e se  r e s p e c t iv e  
p ro to n s  c o n ta in s  a  c i s -C -4 (5 ) doub le  bond. Two o b s e rv a tio n s  excluded  
t h i s  p o s s i b i l i t y :  l )  th e  co m p ellin g  chem ical and s p e c t r a l  ev id en ce
w hich im p lie d  i d e n t i c a l  s k e l e t a l  a rrangem en ts  f o r  melampodin-C and 
m elam podin-B; 2 )  th e  o b serv ed  c o u p lin g  c o n s ta n t  betw een H-7 and H-8 
(JV>8= 2.5H z) i s  too  sm a ll f o r  a  to r s io n a l  a n g le  o f  ap p ro x im a te ly
CORRELATION of MELAMPODIN-B with MELAMPODIN-
MELAMPODIN-C MELAMPODIN-B
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4 5 ° , an  an g le  w hich would be re q u ire d  in  a s k e l e t a l  a rran g em en t w ith  
a  c i s  C-U(5) doub le  bond. Thus, th e  second b io g e n e t ic  a ssu m p tio n  
h as  been  e x p e r im e n ta lly  v e r i f i e d .
The ass ig n m en t o f  th e  s te re o c h e m is try  o f  th e  C -l s u b s t i t u e n t  
was based  on th e  t o r s io n a l  a n g le s  betw een H -l and th e  H-2a and H-2b 
p ro to n s ,  w ith  th e  to r s io n a l  an g le  betw een H -l and H-9 p ro v id in g  
s u p p o r tin g  ev id en ce  f o r  a /3 -o r ie n ta t io n  o f  th e  s id e  c h a in  a t  C - l .
The observ ed  J  v a lu e s  ( J i , 2 a = J i> 2 b = 5*5Hz) can  be e x p la in e d  i f  th e  
C -l hydrogen b i s e c t s  th e  two C-2 hydrogens w ith  a p p ro x im a te ly  ^5° 
t o r s io n a l  a n g le s  betw een H -l and H-2a and H-2b. D re id in g  m odels 
showed th a t  th e re  a re  two p o s s ib le  c o n f ig u ra t io n s ,  each c o n ta in in g  
two d i f f e r e n t  co n fo rm atio n s  around th e  C3 -C2 -C1 c a rb o n s . C o n tra ry  to  
p u b lis h e d  d a t a , 29  th e re  a re  two p o s s ib le  a rrangem en ts  w hich  c o u ld  
a c q u ir e  t o r s io n a l  a n g le s . In  th e  . 'rep o rted  s t r u c t u r a l  ass ig n m en t 
o f  m elam podin-B, th e  C -l s id e  c h a in  was a ss ig n e d  a  /3 -o r ie n ta t io n  
w here th e  C-2 i s  below th e  C - l ,  C-3  p la n e  in  th e  medium r in g  
(co n fo rm a tio n  A ); how ever, th e  same re p o r te d  d a ta  a r e  c o n s i s t e n t  
w ith  an a - o r ie n te d  s id e  c h a in  a t  C -l i f  C-2 i s  above th e  C -2 , C-3
Ac— 0
,H' CH20H
CONFORMATION A
AcO
CONFORMATION B
p la n e  o f  th e  ten-m em bered r in g  (co n fo rm atio n  B ). In  o rd e r  to  d e c id e  
w hich o f  th e se  p o s s i b i l i t i e s  e x i s t  in  melampodin-C, and by analogy  
in  m elam podin-B , th e  a l l y l i c  c o u p lin g  v a lu e s  betw een th e  C -l and C-9 
p ro to n s  w ere a n a ly z e d . Maximum a l l y l i c  co u p lin g  (app rox . 3*0Hz) i s  
o b se rv ed  when th e  two p ro to n s  t h a t  a re  a l l y l i c a l l y  coupled  a re  
p e rp e n d ic u la r  to  one a n o th e r . 7 4 ,7 6  The sm all a l l y l i c  c o u p lin g  con­
s t a n t  ( J i , 9= 1.0H z) ob serv ed  in  melampodin-C in d ic a te d  th a t  th e  
to r s i o n a l  a n g le  betw een H -l and H-9 sho u ld  be s u b s t a n t i a l l y  s m a l le r  
th a n  90°* From in s p e c t io n  o f  s te reo m o d e ls  o f  th e  melampodin-C and 
melampodin-B s k e le to n  a  t o r s io n a l  a n g le  o f  ab o u t i4-5° was d e riv e d  
w hich  seemed to  be in  good agreem ent w ith  th e  observed  c o u p lin g  
c o n s ta n ts .  C o n v erse ly , i f  th e  medium r in g  c o n ta in s  an a - o r ie n te d  C -l 
s u b s t i t u e n t  in  co n fo rm atio n -B , th e  to r s io n a l  a n g le  betw een H -l and 
H-9 would be ab o u t 9°°» th e r e f o r e ,  a  l a r g e r  v a lu e  fo r  J i , g  shou ld  
have  been  o b serv ed  f o r  melampodin-C and m elampodin-B. On th e  b a s is  
o f  th e  above a rg u m en ts , a  ^ -c o n f ig u ra t io n  o f  th e  s id e  c h a in  a t  C -l 
in  6k and ^6 was a s s ig n e d .
The a c e ta te  6 _^ and th e  a ldehyde  66  seemed to  have th e  same 
b a s ic  s te r e o c h e m is t ry  as  melampodin-C s in c e  th e  co u p lin g  c o n s ta n ts  o f  
th e  p e r t i n e n t  p ro to n s  ( i . e . ,  H - l ,  H -5, H-6 , H -7, H-8 , and H-9) have 
th e  same o r  n e a r ly  th e  same v a lu e s  as th e  J -v a lu e s  o f  th e  p a re n t  
compound 6h. F u rth e rm o re , s in c e  th e  v a rio u s  tra n s fo rm a tio n s  d id  
n o t a f f e c t  th e  c h i r a l  ca rb o n  c e n te r s  and th e  g e n t le  r e a c t io n  c o n d i­
t io n s  sh o u ld  n o t have changed th e  s te re o c h e m is try  a t  any p o s i t io n  i n  
th e  medium r in g ,  i t  was concluded  th a t  th e  s te r e o c h e m is t r ie s  o f  th e  
d e r iv a t iv e s  65. and 66  a r e  th e  same as in  m elampodin-C.
CINERENIN
C in e ren in  (6 £ ) , C i7H2 o06 , mp l6 l- l6 3 ° >  was i n i t i a l l y  
i s o la te d  from M. cinereum  and l a t e r  from M. argophy llum . I t  
re p re se n te d  th e  f i r s t  r e p o r te d  exam ple o f  a  g e rm acran o lid e  s e s q u i t e r ­
pene la c to n e  in  w hich a  s u b s t i t u e n t  i s  a tta c h e d  to  th e  m ediun r in g  
by an e th e r  l in k a g e . The i r  spec trum  o f  6>J_ c o n ta in s  a b so rp tio n s  
t y p ic a l  o f  an a , /3-u n s a tu ra te d  •y -lac to n e  (17T5» 1750 cm 1 ) w h ile  
s ig n a l s  a t  3^50 cm 1 and 1665 cm 1 w ere  in d ic a t iv e  o f  a  hy d ro x y l group 
and doub le  bonds, r e s p e c t iv e ly .  The s t r u c t u r e  o f  c in e r e n in  (6 7 ) was
HOCH,
6 J
in f e r r e d  from th e  25.2MHz ^C m r and lOGMHz pmr s p e c t r a l  d a ta  and 
by c o r r e l a t io n  w ith  melampodin-B (56) .  Mass s p e c t r a l  frag m e n ta tio n  
p a t te r n s  ty p ic a l  o f  th e  melampodin-B s k e le to n  c o rro b o ra te d  th e  
above s t r u c t u r a l  ass ig n m en t w h ile  c o n v e r tin g  &J_ in to  th e  p re v io u s ly  
o b ta in e d  tr ib ro m id e  60  gave c o n c lu s iv e  chem ica l p ro o f  f o r  th e  
s t r u c tu r e  o f  c in e r e n in .
7^
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S k e le ta l  Type
-c(c=o)-o
TABLE 6
Carbon-13 P aram eters  o f  C in e ren in  (67)
Chem ical S h i f t  
173.2 s
169.6 s
Ass ignm ent 
C-14 
C-12
l W . l  S C-10
(c)2 -c= 136.6 s C-ll-
133.0  s C - l l
7 9 .1  d C-8
( c ) 2 -c h -o 7 3 .^  d c-6
7 3 .2  d C -l
153.9  d c -9
C-HC=
122.3 d C-5
28 .3  t r c -3
C-CHei-C
2 3 .2  t r C-2
65.3 t r * C - l '
C-CIfe-0
6 5 .1  t r * C-15
n2 c= 122.3 t r C-13
(c )2 -c h -c ^9.5 d C-7
-CHa 15 .7  q C -2 '
The spectrum  was d e te rm in ed  an a  V arian  XL-100-15 sp e c tro m e te r  
o p e ra t in g  F o u r ie r  tra n s fo rm  mode w ith  p ro to n  d e c o u p lin g . The 
chem ical s h i f t s  a r e  r e l a t i v e  to  i n t e r n a l  TMS and a r e  re c o rd e d  in  
ppm r e l a t i v e  to  TMS. PND, p ro to n  n o ise -d e c o u p le d  sp ec tru m ; SPOCD, 
s in g le - f re q u e n c y  o f f - c e n t e r  decoup led  spec trum . The number o f  l in e s  
in  th e  SFOCD spectrum  a r e  d e s ig n a te d  as fo llo w s : s ,  s i n g l e t ;  d ,
d o u b le t;  t r ,  t r i p l e t ;  q , q u a r te t .  Spectrum  was o b ta in e d  in  a c e to n e -d g .
^Chemical s h i f t s  fo r  C - l '  o r  C-15 co u ld  n o t be c o n c lu s iv e ly  a s s ig n e d .
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NMR S p e c tr a l  D ata o f  C in e re n in
The ^C m r d a ta  w ere  o b ta in e d  u n d er th e  p re v io u s ly  d e sc r ib e d  
c o n d itio n s  (page 75)* Chem ical s h i f t  c o n s id e ra t io n s  in d ic a te d  
t h a t  th e  compound c o n ta in s  17 carbon  atom s; th e r e f o r e  C17 H20 O6 i s 
th e  o n ly  e m p ir ic a l  fo rm ula  in  agreem ent w ith  b o th  d a ta  and
e le m e n ta l a n a ly s i s .  T ab le  6 g iv e s  th e  a ss ig n m en t, chem ica l s h i f t ,  
and s p l i t t i n g  p a t t e r n s  o f  each  s ig n a l .  The a ss ig n m en ts  o f  th e  
chem ical s h i f t s  f o r  th e  r e s p e c t iv e  carb o n  atoms o f  c in e r e n in  w ere 
made by com parison  w ith  th e  d a ta  o f  m elam podin-B, th e  model 
compound. T h e re fo re , on th e  b a s is  o f  chem ical s h i f t  v a lu e s  and th e  
SFOCD p a t t e r n s  o f  th e  p a r t i c u l a r  s ig n a l s ,  i t  was d e te rm in ed  t h a t  
c in e r e n in  c o n ta in s  th e  fo llo w in g  s k e l e t a l  u n i t s :  a ) th r e e  ( c )2 -C=,
b ) th r e e  ( c ) 2 -CH-0 , c )  two -C (C =0)-0 , d) two C-HC=, e )  two C-CH2 -C, 
f )  two C-CH2 -O, g) one H2 C= , h ) one (C)2 -CH-C, i )  one -CH3 g roup .
The pmr s p e c t r a l  d a ta  o f  c in e r e n in  (300MHz T ab le  7> and 
th e  100MHz F ig u re  7 ) and i t s  d e r iv a t iv e s  6 8 , 6£ , and 60 (T ab le  8 ) 
gave co m p ellin g  e v id en c e  f o r  th e  s t r u c tu r e  o f  c in e r e n in  as r e p r e ­
s e n te d  in  6 7 . The 30CMHz pmr s p e c t r a  o f  ($£ w ere o b ta in e d  in  
p y r i d i n e - ^  and a c e to n e -d 6 , g iv in g  a d d i t io n a l  ev id en ce  as to  th e  
ty p es  o f  p ro to n s  found in  c in e r e n in .  Double i r r a d i a t i o n  ex p erim en ts  
in  a ce to n e  ■fie p ro v id e d  th e  fo llo w in g  s t r u c t u r a l  d a ta :  l )  th e
ty p ic a l  d o u b le ts  a t  65*96 (H-13a) and 5 6 .3 0  (H-13b) c o lla p s e d  to  
s i n g l e t s  when th e  m u l t i p l e t  a t  63*50 (H-7) was i r r a d i a t e d ,  w h ile  
th e  t r i p l e t  a t  6^*53 (H-6 ) c o lla p s e d  to  a  b roadened  d o u b le t ;  2 ) th e  
b roadened s i n g l e t  a t  65*89  (H-8 ) sharpened  when th e  m u l t ip l e t  
a t  63*50 (H-7 ) was i r r a d i a t e d ;  3 ) th e  d o u b le t  a t  65*56 (H-5)
100 MHz NMR S p e c t ru m  
of Cinerenin in A c e t o n e  - d g
H-15
H-5
ac«ton«
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FIGURE 7
TABLE 7
PMR Param eters o f  C in e re n in  (6 7 )
A ssignm ent .  b* 61 c*61 6l a
H -l If. 25 dd 
(8 . 0 ; 5 . 8 )
If.if2 b rdd 4 .3 9  ®
H-2a 1 .7 1  dddd ( 13 . 5 ; 
8 . 0 ; 8 . 0 ;3 . 2 )
1 .84  m X
H-2b 2 .2 8  brddd ( 13 . 5 ; 
8 . 0 ; 5 . 8 ;3 . 2 )
2 .3 4  m X
H-3a 1 .9 1  ddd ( 1 5 . 0 ; 
8 . 0 ;3 . 2 )
2 .0 8  ddd (1 4 .5 ; 
7 .0 ;3 .5 )
X
H-3b 2 .1 6  brddd ( 15 .O; 
8 . 0 ; 3 . 2 )
2 .2 0  ddd X
H-5 5 .5 6  brd  (9 . 5 ) 5 .95  b rd  (9 .0 ) 5 .6 0  b rd  ( 9 .5
h -6 If .53 t r  (9 .5 ) 4 .9 4  t r  ( 9 . 0 ) 4 .6 8  t r  (9 . 5 )
H-7 3 .5 0  m 3 .5 2  brddd 
( 9 .0 ;3 .5 ; 3 .o )
3 .2 0  m
H-8 5 .8 9  b rs 5 .9 7  b rs 5 .6 1  b rs
H-9 7 .5 2  b rs 7 .5 8 7 .2 5  d ( 1 . 0 )
H-13a 5 .9 6  d (3 . 0 ) 5 .9 6  d (3 .0 ) 5 .8 4  d (3 . 0 )
H-13b 6 .3 0  d (3 . 5 ) 6 .5 1  d (3 .5 ) 6 .4 8  d (3 . 5 )
H-15 If. 09  b rs  
(AB p a t te r n )
a )  4 .3 0  b rd
(1 5 .0 )
b) 4 .3 9  b rd
( 1 5 . 0 )
4 .1 5  b rs
C -2 ' Me 1 .14  t r  (7 . 0 ) 1 .1 1  t r  ( 5 . 5 ) 1 .2 3  t r  (7 . 0 )
C - l '  C I ­ 3 .4 9  m (7 .0 ) 3 .4 2  dq (7 . 0 ; 
2 . 0 )
3 .5 7  dq (7 . 0 ; 
2 . 0 )
a = CDCI3 ; b = a c e to n e -  c = p y r id in e - d g ; * 3 00MHz S p e c tra .
c o lla p s e d  to  a b roadened s i n g l e t  and th e  H-7 m u l t i p l e t  sh arpened  
when th e  H-6 t r i p l e t  a t  6^. 53 was i r r a d i a t e d ;  Ij-) when th e  s ig n a l  
a t  67*52 (H-9) was i r r a d i a t e d  th e  s ig n a l  a t  6^ .2 5  (H -l)  and th e  
b roadened  s in g l e t  a t  65*89 (H-8) b o th  sh a rp en e d ; 5 ) th e  t r i p l e t  a t  
61.1*J- (C -21) c o lla p se d  to  a  s i n g l e t  when th e  m u l t i p l e t  a t  65*^9 ( C - l 1) 
was i r r a d i a t e d  and i r r a d i a t i o n  o f  th e  C -2 ' t r i p l e t  c o lla p s e d  th e  C - l 1 
m u l t i p l e t .  C in e ren in  was shown to  be a  p rim ary  a l l y l i c  a lc o h o l  by 
o b se rv in g  a  dow nfie ld  s h i f t  o f  th e  two p ro to n  a b s o r p t io n  a t  6^*09 
(H-15) in  &J_ to  65*03 in  c in e r e n in  a c e ta te  (6 8 ) .  In  a d d i t io n ,  a l l y l i c  
c o u p lin g  was observed  betw een H-5 and th e  H-15 s ig n a l s  in  6 7 . 6 8 . 
and 69 .
Mass S p e c tr a l Data o f  C in eren in  and D e r iv a t iv e s
The mass s p e c t r a l  f ra g m e n ta tio n  p a t te r n s  o f  c in e r e n in  (6 7 ) 
and th e  a c e ta te  (6 8 ) show peaks a t  m /e 27 I+, 2 5 6 , and 228 , t y p ic a l  o f  
th e  melampodin-B ty p e  d i la c to n e  s k e le to n ,  in  a d d i t io n  to  t h e i r  
r e s p e c t iv e  p a re n t  peaks a t  m /e 520 and 562  (Scheme XVI) .  The 
e thoxy  group a t  C -l in  6j_ i s  l o s t  as e th a n o l (M+ -  ^6 ) r e s u l t i n g  in  a 
m a jo r fragm ent a t  m /e 27^ , a  fragm ent w hich i s  t y p i c a l  f o r  th e  
melampodin-B s k e le to n .  F u r th e r  lo s s  o f  %() (18 m .u .)  le a d s  to  th e  
m /e 256 fragm ent w h ile  a d d i t io n a l  lo s s  o f  CO (28 m .u . ) g iv e s  th e  
fragm ent m /e 228. In  c in e r e n in  a c e ta te  (68 ) th e  peak  a t  m /e 519 
(M+ -  ^5 ) i s  due to  th e  lo s s  o f  an acy lium  io n  (CHaCO'*") from th e  
p a re n t  compound w h ile  th e  peak  a t  m /e 518  (m"*" -  k-6) r e s u l t s
MASS SPECTRAL DATA of MELAMPODIN B-TVPK COMPOUNDS (C)
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C H jC -0  H ^ _ 0  [ 2 ,.Q]
M '^ 7 6 -4 3 (C H 3C*0) 3 3 3  [2 6 .5 ]
r o c h 2
- 5 9 ^  (CH3 COO)
2 7 4  - I 8 (H^» 2 5 6  [1 0 0 ]
[970] [100]
y r  [53.5]
R « H  
R - A c
M 3 3 4 -  60  (CH3COOH)
- 2 8  \  (CO)
2 2 8
[ 9 3 ]
[96 .5 ]
M 3 6 2  - 43(CH_C*0) - * 3 1 9  [5.2] 
[5.3]
CHjCHgO H
-46|(H0CH2CH3) 
316 «"42
[29.8]
■45 |(C 2 H5 0)
ROCHg
2 7 4 - 1 8 ( ^ 0 ) ^ 2 5 6  [too] 
[16 2] [100]
[71. 1]
- 2 8  |  (CO)
R - H  
R ■ Ac
M 3 2 0 -4 6 (C H ,C H 9OH)
[4 .4 9 ]
2 2 8
[114]
[8 2 .2 ]
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from th e  lo s s  o f  e th a n o l .  The in te n s e  peak a t  m /e 27^ (M+ - 88) 
in  68 co u ld  be cau sed  by th e  s e q u e n t ia l  o r  s im u ltan eo u s  lo s s  o f  
e th a n o l (h6 m .u .)  and CH2=C=0 (k2  m .u .) .  The f u r th e r  lo s s  o f  H2 O 
r e s u l t s  i n  th e  peak  a t  m /e 256  w h ile  th e  a d d i t io n a l  lo s s  o f  CO 
le a d s  to  th e  m /e 228  frag m en t.
C in e ren in  D e r iv a tiv e s
C in e re n in  was tra n s fo rm e d  in to  68 , 6 g , and 60 (Scheme XVII) ,
th e  e lem en ta l a n a ly s e s  o f  w hich  confirm ed  C17H20O6 as ch e e m p ir ic a l
form ula o f  6j_. D e r iv a t iv e s  68 and 6£  gave ievidence f o r  th e  p re sen c e
o f  a p rim ary  a l l y l i c  a lc o h o l a t  C-15 in  c in e r e n in  fo r  th e  fo llo w in g
re a so n s : a ) th e  H-15 s ig n a l  a t  6^ .3 0  aa<* 6^*39 in  6j_ ap p eared
dow nfie ld  as a  d o u b le t  a t  65*03 in  68 ; b) one a c e ty l  m eth y l s ig n a l
a t  61*98 was o b serv ed  in  68 : c ) th e  H-5 d o u b le t a t  65*95 in  67 was
found a t  66 .^5  in  6 £ ; d ) th e  H-15 p ro to n  a b so rp tio n s  in  6j_ w ere
l o s t  upon o x id a t io n  w ith  S a r e t t ' s  re a g e n t and a  s ig n a l  a t  59*^0,
ty p ic a l  o f  an a ld e h y d ic  p ro to n , ap p eared  in  6 9 ; e ) a l l y i c  c o u p lin g
between H-5 and H-15 was o b serv ed  in  6 £ , 68 , and 6 9 . C in e re n in  was
a ls o  co n v e rted  to  th e  tr ib ro m id e  60. A lthough 6j_ does n o t have an
e s t e r  fu n c tio n  a t  C - l ,  as  do 56  and 6 k , th e  r e a c t io n  c o n d itio n s
(HBr/HOAc) a ls o  fa v o r  c le a v a g e  o f  e th e r  bonds. By an a lo g y  w ith
Z e i s e l 's  m ethod, th e  r e a c t io n  p ro ceed s by p ro to n a t io n  o f  th e  e th e r
oxygen fo llo w ed  by a  n u c le o p h i l ic  a t t a c k  o f  brom ide a t  C -l e i t h e r
by a  S„1 o r  S„2 p ro c e s s . T h is  chem ical c o n v e rs io n , to g e th e r  w ith  th e  N N
nmr d a ta ,  gave co m p ellin g  e v id en c e  fo r  th e  i d e n t i c a l  s k e l e t a l
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TABLE 8
PMR P aram eters  o f  C in e ren in  D e r iv a tiv e s
A ssignm ent 6 8 a 6 8 c 6 2 b 6£ c
H -l 1+.33 m 4 .35  m h .23 m I+.3 I+ m
H-5 5.1+7 brd  
(9 -5 )
5 .62  d 
(9 -5 )
6 .5 8  d 
(9 -5 )
6.1+5 d
(9 . 5 )
H-6 l<-.60 t r  
( 9 .5 )
5 .3 2  t r  
(9 .5 )
4 .7 2  t r
(9 -5 )
5 .0 0  t r  
(9 .5 )
H-T 3 .1 6  m 3 .5 0  m 3 .7 8  m 3 -7 7  m
h -8 5-59  b rs 5.1+1 b rs 5 .9 7  b rs 5-95 s
H-9 J . 2k d
( 1 . 0 )
7 .5 0  d
(1 . 0 )
7 .6 2  d
( 1 . 0 )
7 .6 0  d
( 1 . 0 )
H-13a 5 .8 2  d 
(5 .0 )
5 .9 0  d 
(3 -0 )
6 .0 5  d 
(3 -0 )
5 .95  d 
(3 .0 )
H-13b 6.1+8 d 
(3 .5 )
6.1+1 d 
(3 .5 )
6 .3 8  d 
(3 .5 )
6 .^ 5  d 
(3 .5 )
H-15 1+.60 d
(1 .5 )
5 .0 3  brd
(1 -5 )
9 .^ 6  d 
(1 .5 )
9.1+0 d 
(1 .5 )
C -l'-C H a- 3 .5 3  dq 
(T .0 ;3 .0 )
3.1+3 dq 
(7 * 0 ;2 .0 )
3 . kb dq 
(7 .0 ;3 * 0 )
3 . 1+0 p t  
( 7 .0 ;2 .0 )
C -2 1 Me 1.21  t r  
(7 .0 )
1 .0 9  t r  
(7 -0 )
1 .0 7  t r  
(7 .0 )
1 .0 5  t r  
( 7 .0 )
A c e ty l 2 .1 2  s 1 .98  s
a  = CDC13 ; b = a c e to n e -d g j c = p y r id in e -d ^ ;  A ll  s p e c t r a  a r e  lOCMHz.
8k
s t r u c t u r e s  in  th e  medium r in g  p o r t io n  o f  c in e r e n in  ( 6 j ) ,  melampodin-B 
(5 6 ) . and melampodin-C (6k) (Scheme X V IIl) .
S te re o c h e m is try  o f  C in e re n in  and D e r iv a tiv e s
U n lik e  melampodin-B and m elam podin-C, c in e r e n in  c o n ta in s  a 
C - l  e th e r  s u b s t i t u e n t ,  w h ile  e s t e r  fu n c tio n s  a t  C -l a r e  p re s e n t  in  
56  and 6k . As a  r e s u l t ,  th e  s te r e o c h e m is t ry  a t  C -l in  6£  may be 
changed i n  th e  b io s y n th e s is  o f  6 7 . In  th e  i r  s p e c t r a  o f  56. and 6k, 
th e  OH a b s o rp tio n s  a t  ab o u t 3k50 cm 1 a p p ea r as sh a rp  peaks w h ile  in  
c in e r e n in  th e  OH a b s o rp tio n  a t  3k50 cm 1 i s  b roadened . I t  can be 
arg u ed  th a t  th e  a lc o h o l group a t  C-15 undergoes in tra m o le c u la r  
hydrogen bonding  in v o lv in g  b o th  th e  C -lk  and more fa v o ra b ly  th e  C - l '  
c a rb o n y l fu n c tio n s  in  £6 and 6k , w h ile  in  c in e r e n in  on ly  th e  C -lk  
c a rb o n y l group i s  a v a i l a b le ;  th u s , th e  OH a b s o rp tio n  in  6 i s  
b roadened  due to  a  l e s s  r i g i d l y  h e ld  co n fo rm a tio n  cau s in g  a  w eakening 
o f  th e  hydrogen  bonding betw een th e  c a rb o n y l group a t  C -lk  and th e  
h y d ro x y l group a t  C -15 . The b ro ad en in g  o f  th e  OH peak  in  6£  may a ls o  
be caused  by in te rm o le c u la r  hydrogen  bonding  w hich , due to  a  s t ro n g e r  
in tr a m o le c u la r  a s s o c ia t i o n  does n o t o ccu r in  compounds 56  and 6 k . 
T h e re fo re , b ecau se  th e  C-15 hy d ro x y l s u b s t i t u e n t s  have a  f}- 
o r i e n t a t i o n  in  56  and 6 k , th e  C -l s u b s t i t u e n t s  in  th e s e  compounds 
m ust a ls o  be 0 - o r ie n te d  in  o rd e r  f o r  th e  p o s tu la te d  in tra m o le c u la r  
hydrogen  bonding  to  o c c u r .
The sm a ll a l l y l i c  co u p lin g  betw een th e  H -l and H-9 s ig n a l s  
in  c in e r e n in  ( J j . ,9= 1.0H z) in d ic a te d  th a t  th e  to r s io n a l  an g le
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betw een th e  H -l and H-9 i s  l e s s  th a n  9 0 ° . as  found in  th e  s t r u c tu r e s  
o f  melampodin-B and m elam podin-C . T h is  c o n d i t io n  i s  met o n ly  when 
th e  s u b s t i t u e n t  a t  C -l in  i s  /3 -o r ie n te d ; t h a t  i s ,  th e  e thoxy  
group a t  C -l in  c in e r e n in  m ust have a  /3 - o r ie n ta t io n .  S in ce  b o th  
melampodin-B and c in e r e n in  have th e  same c o n f ig u ra t io n  a t  C - l ,  i t  
i s  le s s  l i k e l y  t h a t  th e  e th o x y  group i s  b io s y n th e t i c a l ly  in tro d u c e d  
by a  s u b s t i t u t i o n  r e a c t io n  r a t h e r  th a n  by a  r e d u c t iv e  p ro c e ss  a t  
th e  a ce to x y  ca rb o n y l c a rb o n . Enzym atic r e d u c t io n  o f  ca rb o n y l groups 
a re  r a r e  in  th e  b io s y n th e s is  o f  te rp e n o id  d e r iv a t iv e s  and to  th e  
b e s t  o f  my know ledge, c in e r e n in  r e p r e s e n ts  th e  f i r s t  s e s q u ite rp e n e  
la c to n e  w hich has an e th e r - l in k e d  s id e  c h a in .
The s te re o c h e m is try  o f  th e  medium r in g  s k e le to n  o f  c in e r e n in  
can be c o n s id e re d  i d e n t i c a l  to  t h a t  o f  56  and 6 ^  s in c e  th e  c o u p lin g  
c o n s ta n ts  o f  th e  H - l , H-5, H -6, H -7, H -8, and H-9 in  th e s e  r e s p e c t iv e  
compounds a re  a lm o st th e  same f o r  th e  c o rre sp o n d in g  p ro to n  i n t e r ­
a c t io n s .  T h is  was p a r t i c u l a r l y  e v id e n t  in  th e  s i m i l a r i t y  o f  th e  
300MHz pmr s p e c t r a l  p a t t e r n s  o f  th e  c r u c i a l  p ro to n s  s ig n a l s  H - l ,
H -2a, and two H-3 p ro to n s  (com pare T ab le  2 and T ab le  7 )•  E x tend ing  
th e  p re c e d in g  c o n s id e ra t io n s  to  th e  d e r iv a t iv e s  o f  c in e r e n in  ( i . e . ,  
th e  a c e ta te  68 and th e  a ld eh y d e  6£) s u b s ta n t ia te d  th e  same m o le c u la r  
s te re o c h e m is try  f o r  each  o f  th e s e  compounds.
MELAMPODININ
P re v io u s ly , s e s q u ite rp e n e  la c to n e s  c o u ld  n o t be d e te c te d  in  
a  number o f  s p e c ie s  o f  th e  y e llo w -ray ed  complex o f  Melampodium.* 
T h e re fo re , i t  was o f  p a r t i c u l a r  i n t e r e s t  to  i n v e s t i g a t e  th e  y e llo w - 
rayed  s p e c ie s  M. americanum w hich i s  m o rp h o lo g ic a lly  and c y to lo g ic a l ly  
m ost c lo s e ly  r e l a t e d  to  th e  w h ite -ra y e d  com plex. A lthough  th e  
te rp e n o id -c o n ta in in g  e x t r a c t s  w ere o b ta in e d  i n  l e s s e r  am ounts (a s  
compared to  th e  w h ite - ra y e d  s p e c ie s ) ,  a new s e s q u i te rp e n e  la c to n e  
was i s o l a t e d  from M. americanum w hich we named m elam podinin  (7 0 ) .
O2 5 H30O1 2 » mp 208-210°. T h is f i r s t  re p o r te d  s e s q u i te rp e n e  la c to n e  
i s o l a t e d  from a y e llo w -ra y e d  s p e c ie s  o f  Melampodium shows i r  
a b so rp tio n s  (n u jo l )  a t  3^+5° cm 1 and 1770 cm 1 w hich a r e  t y p i c a l  o f  
h y d ro x y l groups and y - la c to n e s ,  r e s p e c t iv e ly .  The s t r u c t u r e  o f  
m elam podinin (][0) was de term in ed  by com paring i t s  100MHz pmr s p e c t r a l
3
7 0 71
*
N. H. F is c h e r ,  u n p u b lish ed  d a ta .
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TABLE 2
PMR P a ram e te rs  o f  M elam podinin (70) and Melampodin-A A c e ta te  ( 7 l )
A ssignm ent Z0a 12° 11°
H -l 7 .0 0  d d ( l .O ; 2 .3 ) 7 .1 8  X 7 . 0^ d d ( l .0 ; 2 .5 )
H-2 3 .6 2  d d (2 . 3 ; 3 . 6 ) 3 . 88* 3 .6 5  d d ( 2 .5 ;3 .8 )
H-3 3 .7 3  d d ( 1 . 0 ; 3 . 6 ) 3 .8 3 * 3 .7 5  d d ( 1 . 0 ; 3 . 8 )
H-5 & 6 5 .0 7 -5 .3 8 * 5 .5 6  d d (9 . 0 ; 9 . 0 ) 5 .1 0 -5 A 2 *
h -7 2 .6 5  m 3 .2 3  m 2 .7 3  m
h -8 6 .6 5  d d ( l . 2 ; 9 . 0 ) 7 .1 5  d d ( l . 2 ; 9 . 0 ) 6 .7 0  d d ( l . 2 ; 9 . 0 )
h -9 5 .37  d ( 9 . 0 ) 5 .6 6  d (9 . 0 ) 5 . k l  d ( 9 . 0 )
H-13a 5 .7 9  d (3 -0 ) 5-95 d (3 . 0 ) 5-75 d (3 . 0 )
H-15b 6 .1 9  d (3 .5 ) 6 .2 6  d (3 . 5 ) 6 .2 5  d (3 . 5 )
H -3 ' 5 .1 8  q (6 . 0 ) 5.56 q (6 .5) 3 .05  q (5 .5 )
C-if Me 2 .1 9  d ( 1 . 0 ) 2 .2 7  b rs 2 .1 8  d ( 1 . 0 )
C -2 ' Me 1 .2 5  s 1A 9  s 1 .4 8  s
C -3 ' Me 1.2k  d (6 . 0 ) l.ifO  d (6 . 5 ) 1 .2 0  d (5 . 5 )
C-9 Ac 1 .9 9  s 1 .8 7  S 2 .0 0  s
CCfeMe 3 .8 2  s 3 .6 7  s 3 .8 5  s
C -3 ' Ac 1 .8 9  s 1 .7 8  s
C -2 1 OH 3 . 2 k  8 4 .78 s
a  = CDCI3 ; c = p y r i d i n e - ^ ;  x = obscu red  by s o lv e n t  s ig n a l  
^O v erlap p in g  p a r t  o f  ABX system ; S p e c tra  a re  lOCMHz.
p a ra m e te rs  w ith  th o se  o f  melampodin-A a c e ta te  ( 7 l )71  w hich a re  n e a r ly  
i d e n t i c a l  (F ig u re  8 , T ab le  9 ) .
PMR S p e c tr a l  P a ram e te rs  o f  M elam podinin
The g ro ss  s i m i l a r i t i e s  betw een th e  100MHz pmr s p e c t r a  o f  £0 
(F ig u re  8 ) and melampodin-A a c e ta te  7171  im m edia te ly  in d ic a te d  a 
c lo s e  resem b len ce  in  t h e i r  m o le c u la r  s t r u c t u r e .  In  th e  spectrum  o f  
JO,  two a d d i t io n a l  peaks a r e  p re s e n t  w hich w ere n o t observed  in  
melampodin-A a c e ta t e  (7 1 ) , a  th r e e  p ro to n  s i n g l e t  a t  61 .89  and a  one 
p ro to n  s i n g l e t  a t  63*2^. S in ce  a l l  th e  s k e l e t a l  p ro to n  s ig n a ls  in  
70  can be a ss ig n e d  by com parison  w ith  £ 1 , i t  was in f e r r e d  th a t  th e  
a d d i t io n a l  s i n g l e t s  a re  due to  th e  s u b s t i t u e n t  a t  C-8 . S in ce  th e  
C-8  s id e  c h a in  in  £1 c o n ta in s  a  C -2 1, C -3 ' epox ide  g roup , i t  can be 
e n v is io n e d  th a t  th e  fo llo w in g  s te p s  cou ld  have ta k en  p la c e  in  th e  
b io s y n th e s is  o f  £0  from £ 1 : th e  a d d i t io n  o f  an a c e ta te  group a t  C -3 1, 
w ith  su b seq u en t epox ide  r in g  o p en in g , formed an a lc o h o l a t  C -21.
The p re se n c e  o f  an a ce to x y  a lc o h o l a t  th e  s id e  c h a in  o f  £0 was 
in d ic a te d  by a  th r e e  p ro to n  s i n g l e t  a t  6 1 .8 9  ( a c e ta te )  and a  one 
p ro to n  s i n g l e t  a t  63 .2^  (OH). The r e a c t io n  can  be e n v is io n e d  as  a 
s t e r e o s p e c i f i c  n u c le o p h i l ic  a d d i t io n  o f  an a c e ta t e  to  th e  0 - p o s i t io n  
o f  an a ,/3 -epoxy  e s t e r .  I f  t h i s  w ere th e  c a s e ,  th e  s te re o c h e m is try  
o f  £0 sh o u ld  be as  in d ic a te d  in  F ig u re  £ 0 , s in c e  th e  a c e ta t e  a t t a c k  
a t  th e  C -3 ' epox ide  carbon  would m ost l i k e l y  p ro ceed  w ith  in v e rs io n  
o f  c o n f ig u ra t io n  a t  C -3 ' and r e t e n t io n  o f  c o n f ig u ra t io n  a t  C -2 1.
The fo llo w in g  s p in - s p in  d e co u p lin g  ex p erim en ts  v e r i f i e d  th e  
s t r u c t u r e  o f  m elam podinin  (£0 ) :  l )  i r r a d i a t i o n  o f  th e  m u l t ip l e t  a t
62.65 (H-7) c o lla p s e d  th e  d o u b le ts  a t  65*79 (H -ljJa) and 66 .19  
(H -l^b ) to  s in g l e t s  w h ile  s im p lify in g  th e  m u l t ip l e t  a t  6 5 .O7 - 5 .5 8  
(H -6); 2) when th e  s ig n a l  a t  67*00 (H -l)  was i r r a d i a t e d  th e  s ig n a l
a t  63*62 (H-2) c o lla p s e d  to  a d o u b le t ;  3 ) s p in -d e c o u p lin g  o f  th e  
s ig n a l  a t  6 6 .6 5  (H -8) c o lla p s e d  th e  d o u b le t a t  65*39 (H-9) to  a 
s i n g l e t  and s im p l i f ie d  th e  H-7 m u l t ip l e t  a t  6 2 .6 5 ; ^-) i r r a d i a t i o n
o f  th e  m ethy l d o u b le t  a t  61 .2 ^  (C -3 *) c o lla p s e d  th e  s ig n a l  a t  65*18 
(H-3 1) w h ile  i r r a d i a t i o n  o f  th e  H -31 s ig n a l  c o lla p s e d  th e  C-3 1 m ethy l 
d o u b le t to  a  s i n g l e t .
The i d e n t i t i e s  o f  th e  carbom ethoxy group a t  C-10, th e  
ace to x y  groups a t  C-9 and C-3 1, and th e  C -2 ' hyd roxy l group w ere 
v e r i f i e d  by o b ta in in g  pmr s p e c t r a  in  p y r id in e -d g  u s in g  CDCI3 as a 
re fe re n c e  s o lv e n t .  The d i f f e r e n t  s o lv e n ts  p roduce c h a r a c t e r i s t i c  
d i f f e r e n c e s  betw een th e  chem ica l s h i f t  v a lu e s  o f  th e  r e s p e c t iv e  groups 
I t  was found th a t  in  p y r id in e -d ^  th e  C-9 ace to x y  s ig n a l  was s h i f t e d  
u p f ie ld  by 0 .1 2  ppm w h ile  th e  C-3 1 ace to x y  s ig n a l  s h i f t e d  u p f ie ld  by
0 .1 1  ppm. S im i la r ly ,  th e  s ig n a l  due to  th e  carbom ethoxy group a t  
C-10 s h i f t e d  0 .1 5  ppm u p f i e ld .  These c h a r a c t e r i s t i c  s h i f t s  a re  due 
to  th e  d i f f e r e n t  e l e c t r o n i c  env ironm ents around th e s e  s u b s t i tu e n ts  
as a  r e s u l t  o f  th e  o r i e n t a t i o n  and co m plexation  o f  th e  p y r id in e  
m o lecu les  to  th e  c a rb o n y l fu n c tio n s  o f  th e s e  g ro u p s . 75 The la rg e  
down f i e  Id  s h i f t  by 1.5^- ppm o f  th e  C -2 1 OH p ro to n  i s  due to  th e  
hydrogen bonding betw een th e  OH and p y r id in e -d g  m o lecu le s .
C o n seq u en tly , th e  pmr ex p erim en ts  to g e th e r  w ith  th e  e lem en ta l 
a n a ly s is  s u b s ta n t ia te d  th e  s t r u c t u r e  o f  m elam podinin w ith  th e  t e n t a ­
t i v e  s te re o c h e m ic a l a ss ig n m en t a t  C -2 ' and C -3 ' a s  shown in  JO.
An In co m p le te  S t r u c tu r e  D e te rm in a tio n  
o f  a
New S e s q u ite rp e n e  L actone from M. cinereum
In  th e  p o p u la t io n a l  c o l l e c t i o n  #2013 (S tu e s s y /F is c h e r )  o f  
M. c inereum . a  new g e rm a c ran o lid e  s e s q u i te rp e n e  la c to n e  was i s o la te d  
w hich in  th e  fo llo w in g  d is c u s s io n  w i l l  be d e s ig n a te d  as  "2013" .
Due to  th e  l im i te d  amount o f  t h i s  compound,- c r i t i c a l -  experim en ts  
co u ld  n o t be co m ple ted ; th e r e f o r e  th e  s t r u c tu r e  e lu c id a t io n  o f  "2013" 
i s  o n ly  p a r t i a l l y  r e s o lv e d .
Compound "2013", a  c o lo r le s s  c r y s t a l l i n e  m a te r ia l ,  mp. 19^“ 
195°, shows i r  a b s o rp tio n s  (n u jo l )  a t  3500 cm 1 (OH), 1765 cm 1
( y l a c t o n e ) ,  1720  ( a , /3- u n s a tu r a te d  e s t e r ) ,  and 1660 cm 1 (doub le  
b o n d ). These i r  d a ta  a r e  s im i l a r  to  th e  i r  s p e c t r a  o f  th e  o th e r  
compounds p re v io u s ly  d e s c r ib e d ,  and i t  was assumed t h a t  t h i s  compound 
c o n ta in s  an a lc o h o l fu n c t io n  as w e l l  a s  a  y - la c to n e  g ro u p . I t  was 
confirm ed  th a t  "2013" c o n ta in s  one p rim ary  a lc o h o l fu n c tio n  s in c e  a 
pmr s ig n a l  ty p ic a l  o f  a  m e th y len e  group in  "2013" ap p ea rs  more 
d o w n fie ld  in  th e  a c e ta te  o f  " 2013" ;  fu r th e rm o re , th e  i r  spectrum  o f  
th e  a c e ta te  o f  "2013" la c k s  an OH a b s o rp t io n .
The 100MHz s p e c t r a  o f  "2013" (T ab le  10) c o n ta in  th e  d o u b le ts  
ty p ic a l  o f  an  O £ ,0 -u n sa tu ra ted  y - la c to n e  a t  65.73 and 6 6 .1 ^ . F u r th e r ­
m ore, th e  th r e e - p r o to n  s i n g l e t  a t  63*76 su g g es te d  th a t  a c a rb o ­
m ethoxy s u b s t i t u e n t  i s  p r e s e n t  in  th e  m o le c u le . T h is  assignm ent 
was v e r i f i e d  by th e  fo llo w in g  o b s e r v a t io n s :  l )  melampodin-A and
s e v e r a l  an a lo g s  have carbom ethoxy s u b s t i t u e n t s  w hich ab so rb  a t  abou t
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TABLE 10
PMR P aram eters o f  "2013" and "2013" A c e ta te
A ssignm ent "2013"b "2013" a c e t a t e 6 "2013" ace ta te
H -l 6 .8 7  dd 
(5 . 0 ; 12 . 0 )
6 .6 5  dd 
(5 -0 ; 1 2 . 0 )
6 .8 8  dd 
(5 . 0 ; 12 . 0 )
H-T 3 .0 2  m 2 .9 0  m 3*00  m
H-8  o r  H-6 5 .5 1  in 5 .6 1  m 5 .5 0  m
H-8  o r  H-6 5 .23  m k . j k  m 5 • 10 m
H-13a 5-73 d 
(1 .5 )
5 .0 8  d
(1 .5 )
5 .7 2  d 
(1 .5 )
H-13b 6 .ll*  d 
(2 . 0 )
6 .1 1  d 
(2 . 0 )
6 .3 2  d 
(2 . 0 )
H-15 3 .5 6  m 3 .5 ^  m 3 .8 9  d 
(5 .0 )
C02Me 3 .7 6  s 3.1*8 s 3 .8 3  s
C - l '  Me a) 1 .0 7  d 
(7 .0 )
a )  1 .0 7  d 
(7 .0 )
a )  1 .13  d 
(7 .0 )
b) 1 .05  d 
(7 -0 )
b) 1 .0 6  d 
(7 -0 )
b) 1 .1 1  d 
(7 -0 )
H - l ' 2 . 1*1* m 2 . 1<-0 m 2 .5 0  m
A cety l 1 .6 6  s 2 .0 6  s
2 .1 0  s
a = CDC13 ; b = a c e to n e -d Q; e = ben zen e-d g ; S p e c tra  a r e  lOCMHz.
6 3 .8 0 , and a  s im i la r  a b so rp tio n  was found in  "2013" ;  2 ) when th e
pmr spectrum  was o b ta in e d  in  benzene " I s  a  c h a r a c t e r i s t i c  u p f ie ld  
s h i f t  o f  th e  carbom ethoxy group by an in c rem en t o f  ab o u t 0 .3 5  ppm 
was o b se rv ed , a  r e s u l t  t h a t  was a ls o  found fo r  melampodin-A.
The d o u b le t o f  d o u b le ts  a t  6 6 .8 7  in  "201311 i s  ty p ic a l  o f  th e  
/J-hydrogen  in  an a ,/J -u n s a tu ra te d  e s t e r  and s im i la r  to  th e  H -l s ig n a l  
ob serv ed  in  melampodin-A. On t h i s  b a s i s ,  t h i s  s ig n a l  in  "2013" 
was a ss ig n e d  H - l . The p a i r  o f  th re e  p ro to n  d o u b le ts  a t  61 .07  and 
61.05 su g g es te d  th a t  an iso p ro p y l group i s  p r e s e n t  in  "2013" , 
analogous to  m elam podin-C. Subsequent d e co u p lin g  ex p erim en ts  v e r i f i e d  
t h i s  a ss ig n m en t, as  w e ll  as th e  a ss ig n m en ts  fo r  th e  H - l , th e  two 
H-13, H-7, and H -l s ig n a l s .
At t h i s  p o in t ,  i t  was a p p a re n t t h a t  "2013" i s  s t r u c t u r a l l y  
m ore c lo s e ly  r e l a t e d  to  melampodin-A th a n  to  melampodin-B fo r  th e  
fo llo w in g  re a s o n s :  l )  th e  observed  re g io n  o f  th e  H -l and carbom ethoxy
s ig n a ls  in  "2013" a re  s im i la r  to  th o se  o f  m elam podin-A , and 2 ) 
th e  mass s p e c t r a l  frag m e n ta tio n  p a t te r n s  o f  "2013" do n o t in c lu d e  
th e  fragm ents m /e 27^# 2 5 6 , and 228 w hich a re  t y p i c a l  o f  melampodin-B
ty p e  compounds. E lem enta l a n a ly s is  In d ic a te d  an e m p ir ic a l  fo rm ula 
o f  C20H28O7 and mass s p e c t r a  gave su p p o r tin g  e v id en c e  (p a re n t  
peak  a t  m /e 380  in  "2013" and m /e k-22. in  th e  a c e t a t e  o f  "2 0 1 3 ").
I t  m ust be n o ted  th a t  th e  c o n firm a tio n  o f  t h i s  e m p ir ic a l  fo rm ula  
was n o t u n eq u iv o ca l s in c e  th e  a c e ta te  o f  "2013" d id  n o t c r y s t a l l i z e  
and , th e r e f o r e ,  r e l i a b l e  e lem en ta l a n a ly s is  o f  t h i s  compound w ere n o t 
o b ta in e d ; a l s o  th e  mass s p e c t r a  w ere n o t h ig h  r e s o lu t io n  mass s p e c t r a .
S tr u c tu re s  J2  and a r e  c o n s is te n t  w ith  th e  l im ite d  
e x p e r im en ta l d a ta  o f  "2013" and i t s  a c e ta t e .  D ecoupling  ex p erim en ts
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on "2013" and th e  a c e ta te  o f  "2013" p re s e n te d  i n s u f f i c i e n t  ev id en ce  
to  a llo w  a ch o ice  to  be made betw een J2 and 73 . b ecau se  th e  s ig n a l s  
f o r  H-8 a n d /o r  H-6 a t  65 .51  and 65.23 a re  co up led  to  th e  two p ro to n  
s ig n a l s  o f  H-5 a n d /o r  H-9. These l a t t e r  s ig n a l s  w ere  ob serv ed  in  th e  
same re g io n  o f  th e  100MHz pmr s p e c tr a  (6 1 .2 5 - 2 .0 0 ) ;  due to  th e  
o v e rla p p in g  o f  th e  s ig n a l s  fo r  H-5 and H -9, c o n c lu s iv e  a ss ig n m en ts  
w ere im p o ss ib le . D ecoupling  ex p erim en ts  on a 300MHz pmr spec trum  may 
p ro v e  more u s e f u l  s in c e  many s ig n a ls  in  th e  100MHz s p e c t r a  a re  
o b scu re  due to  o v e r la p .
In  c o n t r a s t  to  o th e r  melampodin-A ty p e  compounds, th e  co u p lin g  
c o n s ta n ts  o f  th e  C-13 m ethy lene  p ro to n s  in  "2013" a r e  low er 
( J i 3a j 7 = 1.5Hz and J i 3b ,7 = 2 .0 H z); c o n se q u e n tly , s t r u c t u r e  7 3  seemed 
to  be more l i k e l y  fo r  "2013" s in c e  i t  i s  w e ll  docum ented in  th e  
l i t e r a t u r e 24 th a t  th e  c o u p lin g  c o n s ta n ts  f o r  C-13 m eth y len e  p ro to n s  
a r e  u s u a l ly  s m a lle r  in  7 ,8 - la c to n e s  th an  in  7 ,6 - l a c to n e s .  By 
com parison , th e  co u p lin g  c o n s ta n ts  fo r  H -13a, H -7, and H-13b, H-7 in
7 , 6 - la c to n e s  such as melampodin-A a re  J.ORz and 3 . 5Hz, r e s p e c t iv e ly .  
F u rth erm o re , exam ples c i t e d  in  a r e c e n t  c o l l e c t io n  o f  s e s q u i te rp e n e  
la c to n e  pmr s p e c t r a 24 seem to  c o r ra b o ra te  t h i s  a ssu m p tio n , a lth o u g h  
no c o n c lu s iv e  ev id en ce  i s  in te n d e d  to  be g iven  by th e s e  o b s e r v a t io n s .
P o s s ib le  B io sy n th e s is  and In te rc o n v e rs io n  o f  Melampodin-A 
and Melampodin-B Type Compounds
The g e rm acran o lid e s  a re  b e l ie v e d  to  be b io s y n th e s iz e d  by 
th e  c y c l i z a t i o n  o f  t r a n s »t r a n s  f a rn e s y l  py ro p h o sp h a te  (£ ) ( in t ro d u c ­
t i o n ,  Scheme V). N e ith e r  melampodin-A (17) n o r melampodin-B (56) ,  
i s  a  t r a n s , t r a n s -c y c lo d e c a -1 ,5 -d ie n e  g e rtn a c ran o lid e , b u t a re  b io ­
m o d if ied  v e rs io n s  o f  th e  cy c lo d e c ad ie n e  medium r in g .  Thus th e  
b io s y n th e s is  o f  th e  m elam polides ( in t r o d u c t io n ,  page l j )  can be 
h y p o th e s iz e d  to  in v o lv e  th e  fo llo w in g  p o s s ib le  r o u te s :
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In  one pathw ay, t r a n s , t r a n s  f a m e s y l  p y ro p h o sp h a te  ( jJ  i s  c y c liz e d  
to  th e  t r a n s , t r a n s -g e rm a c ro lid e  s k e le to n ,  fo llow ed  by t r a n s . c i s -  
is o m e r iz a t io n  o f  th e  C - l (10) dou b le  bond r e s u l t i n g  in  th e  m elam polide 
r in g  s k e le to n  (2 0 a ) . In  th e  a l t e r n a t i v e  r o u te ,  c i s ,  t r a n s  f a rn e s y l  
py rophosphate  (7 a ) i s  c o n v e r te d  d i r e c t l y  to  th e  m elam polide r in g  
(2 0 a ) . B io -c o n v e rs io n s  o f  melampodin-A ty p e  compounds ( j4 )  to  th e  
d i la c to n e  melampodin-B and i t s  an a lo g s  can  be fo rm u la ted  as S ^ ' 
r e a c t io n s  fo llow ed  by o th e r  b io -m o d if ic a t io n  p ro c e s s e s . (Scheme XX).
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The s te re o c h e m ic a l consequences o f  t h i s  t ra n s fo rm a tio n  can be 
r a t io n a l i z e d  on th e  b a s is  o f  th e  fo llo w in g  a rgum en ts: Melampodin-A
was found to  adop t a  c o n fo rm a tio n  in  w hich th e  carbom ethoxy group 
a t  C-10 and th e  C -l hydrogen  a r e  a - o r ie n te d  in  r e l a t i o n  to  th e  p lan e  
o f  th e  medium r i n g .2 9 *31  I f  m elam polides in  g e n e ra l  ad o p t a  con­
fo rm atio n  in  w hich th e  s u b s t i t u e n t s  around C -l and C-10 a r e  below 
th e  p la n e  o f  th e  medium r in g ,  th e n  fo r  s t e r i c  re a so n s  a t t a c k  o f  any 
re a g e n t cou ld  o n ly  o c cu r from th e  o u te r  fa c e  o f  th e  C - l ( lO ) - c i s  
doub le  bond. In s p e c t io n  o f  s te reo m o d e ls  o f  melampodin-A showed th a t  
th e  C-9 hydrogen and th e  carbom ethoxy group a t  C-10 have an a n t i - 
p e r ip la n a r  o r i e n t a t i o n .  In  a  SN' ty p e  p ro c e s s ,  a  n u c le o p h i l ic  
a t t a c k  a t  C -l o f  th e  m elam polide  r in g  ( j k )  w ith  su b seq u en t m ig ra tio n  
o f  th e  doub le  bond w ould a u to m a t ic a l ly  le a d  to  a  C - 9 ( l0 ) - t r a n s  
doub le  bond and a 0 - o r ie n te d  s u b s t i t u e n t  (N u:) a t  C - l ,  c o n f ig u ra tio n s  
th a t  a re  ty p ic a l  o f  th e  melampodin-B s k e le to n .  L a c to n iz a t io n  o f  
th e  C-l^l- ca rb o x y l group tow ard C-8 and b io -m o d if ic a t io n s  a t  C-15 
p ro v id es  th e  ty p ic a l  m elam podin-B sy stem , ( i t  sho u ld  be re -em p h asized  
a t  t h i s  p o in t  t h a t  th e  pathw ays su g g es te d  above la c k  e x p e r im en ta l 
e v id e n c e ) . However, th e  a fo rem en tio n ed  t ra n s fo rm a tio n  o f  in to  
75 c o r ro b o ra te s  th e  a ss ig n e d  C-9 t r a n s  d o u b le  bond and th e  0 - o r i e n t a ­
t io n  o f  th e  s u b s t i t u e n t s  a t  C - l in  m elam podin-B , m elam podin-C, 
c in e r e n in ,  and t h e i r  r e s p e c t iv e  d e r iv a t iv e s .  A nother im p o rta n t 
im p lic a t io n  o f  t h i s  b io - t r a n s f o r m a t io n  i s  t h a t  p la n ts  p ro d u c in g  
melampodin-B ty p e  compounds a r e  a t  a  h ig h e r  e v o lu t io n a ry  l e v e l  th an  
a re  th o se  p ro v id in g  m elampodin-A ty p e  s e s q u i te rp e n e  la c to n e s .  I t  
can be argued  th a t  a d d i t io n a l  enzymes a r e  needed fo r  a  b io -c o n v e rs io n
o f  2^. in to  15.. I f  t h i s  a ssu m p tio n  i s  a c c e p te d , th e n  th e  chem ical 
d a ta  ( i . e .  th e  number and ty p e  o f  s e s q u i te rp e n e  la c to n e s )  o b ta in e d  
from th e  v a r io u s  p la n t  e x t r a c t s  can be h e lp f u l  in  e s t a b l i s h in g  
e v o lu tio n a ry  r e la t io n s h ip s  in  a  p a r t i c u l a r  p l a n t  com plex. These 
im p lic a t io n s  w i l l  be d is c u s s e d  in  th e  fo llo w in g  s e c t io n  co n ce rn in g  
th e  b io ch em ica l s y s te m a tic s  o f  th e  genus Melampodium.
PART I I  
The B io ch em ica l S y stem a tica  
o f
M. cinereum  and M. argophyllum
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Over th e  p a s t  two decades th e r e  has been  a  r a p id ly  in c re a s in g  
su rg e  in  i n t e r e s t  and w ork in  th e  a re a  o f  b io c h em ica l s y s te m a tic s .
I t  was r e a l iz e d  by s c i e n t i s t s  t h a t  ch em ica l d a ta  may p ro v id e  a d d i­
t i o n a l  independen t in fo rm a tio n  in  m aking tax o n o m ica l d e c is io n s .  In  
a d d i t io n  to  t r a d i t i o n a l  m o rp h o lo g ica l and c y to lo g ic a l  taxonomy, 
b io ch em ica l s y s te m a tic s  can  be h e lp f u l  in  s o lv in g  e v o lu t io n a ry  
p rob lem s; t h a t  i s ,  n a t u r a l  s y s te m a tic  r e l a t i o n s h ip s  a t  th e  p o p u la -  
t i o n a l ,  s p e c ie s ,  and g e n e r ic  l e v e l .  S e s q u ite rp e n e  la c to n e s  have 
p re v io u s ly  been ' s u c c e s s f u l ly  u sed  in  b io c h em ica l s y s te m a tic s  o f  
C om positae .2 4 ,6 2 ,6 6
A b io ch em ica l s y s te m a tic  s tu d y  o f  th e  genus Melampodium in  th e  
fam ily  Com positae (H e lia n th e a e )  was i n i t i a t e d  by S tu e s s y .76 Of th e  
37 s p e c ie s  o f  Melampodium. o n ly  th re e  s p e c ie s ,  w hich a re  c o n fin e d  to  
th e  so u th w es te rn  U n ited  S ta te s  and a d ja c e n t  n o r th e rn  M exico, have 
w h ite -ra y e d  f lo w e rs ; th e  o th e r  j k  s p e c ie s  have y e llo w -o ran g e  flo w er 
r a y s .67 The w h ite - ra y e d  com plex o f  Melampodium re p re s e n te d  a 
tax o n o m ica lly  c o n t r o v e r s ia l  g ro u p ; v a r io u s  a u th o rs  t r e a t e d  t h i s  
complex as  c o n ta in in g  o ne , tw o, o r  th r e e  s p e c i e s .68 S tu e ssy  used  
c y to lo g ic a l  and m o rp h o lo g ica l d a ta  to g e th e r  w ith  tw o -d im en sio n a l 
p ap e r chromatograms o f  l e a f  p h e n o lic s  (n o t y e t  c h e m ic a lly  i d e n t i f i e d )  
to  su p p o rt th e  a ss ig n m en t o f  th r e e  s p e c ie s  in  th e  w h ite - ra y e d  
com plex: M. leucanthum  T o r r .  & G ra y , M. c inereum  DC., and M.
argophyllum  (Gray & R obinson) S. F. B lake . On th e  b a s is  o f  t h i s  d a ta  
S tu e ssy  su g g es ted  th e  fo llo w in g  p o s s ib le  e v o lu t io n a ry  r e la t io n s h ip s  
in  th e  w h ite -ra y e d  com plex: from an a n c e s t r a l  s to c k  in  th e
m ountains o f  n o r th e rn  M exico, M. c inereum  may have d iv e rg e d  and
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p o p u la te d  s o u th - c e n t r a l  Texas below th e  Edw ard 's p la te a u .  A nother 
e v o lu tio n a ry  b ranch  may have d iv e rg e d  and sp re a d  n o rth w estw ard  
tow ard w est T exas, New M exico, A rizo n a , and C o lo rado  to  become M. 
leucan thum . S tu e ssy  c o n s id e re d  M. argophyllum  to  be m ore c lo s e ly  
r e l a t e d  to  M. leucanthum  th a n  to  M. c inereum . We f e l t  t h a t  a 
p o p u la t io n a l  a n a ly s is  o f  th e  th re e -w h ite - ra y e d  s p e c ie s  u s in g  
s e s q u ite rp e n e  la c to n e s  as b io ch em ica l s y s te m a tic  m ark ers  co u ld  h e lp  
c l a r i f y  th e  s y s te m a tic  r e la t io n s h ip s  in  th e  w h ite - ra y e d  com plex.
A d e ta i l e d  ch em ica l a n a ly s is  o f  th e  s e s q u i te rp e n e  la c to n e s  
from M. leucanthum  was i n i t i a t e d  in  o u r la b o r a to r y  and i s  s t i l l  in  
p ro g re s s .  A p o p u la t io n a l  in v e s t ig a t io n  o f  o v e r  100 d i f f e r e n t  
p o p u la tio n s  o f  M. leucanthum  by C aro lyn  F ish b ack  and R u sse l W iley 
has shown th a t  melampodin-A ( l£ )  and th e  b io g e n e t i c a l ly  c lo s e ly  
r e l a t e d  le u c a n th in -A  (j 6 )  and le u c a n th in -B  (TT) a r e  ty p ic a l  o f  
M. leu can th u m .41
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In  c o n t r a s t ,  s e s q u i te rp e n e  la c to n e s  o f  th e  m elampodin-B ty p e  seem 
to  be ty p ic a l  M. cinereum  and M. a rgophy llum .
The fo llo w in g  d is c u s s io n  d e s c r ib e s  th e  m ethods and r e s u l t s  
o f  th e  p o p u la t io n a l  a n a ly s is  o f  abou t 50 p o p u la tio n s  o f  th e  two 
s p e c ie s  (F ig u re  9 ) .
The d r ie d  le av e s  o f  each p o p u la tio n  w ere w eighed and e x t r a c te d  
a c c o rd in g  to  Scheme IX. The r e s u l t i n g  crude  sy ru p  was a llo w ed  to  
s ta n d  f o r  a t  l e a s t  two w eeks. I f  c r y s t a l s  w ere form ed, th e  sy rup  was 
f i l t e r e d .  In  m ost c a se s  melampodin-B c r y s t a l l i z e d  from th e  c rude  
sy ru p . C o n seq u en tly , r e l i a b l e  v a lu e s  cou ld  be re p o r te d  f o r  th e  
amount o f  t h i s  compound in  each p o p u la tio n . N ex t, pmr s p e c t r a  w ere 
o b ta in e d  o f  b o th  th e  c r y s t a l  and th e  c rude  sy ru p . F in a l ly ,  th e  
c rude  sy ru p  was e i t h e r  chrom atographed on a s i l i c a  g e l  column 
(10 p o p u la t io n s ) ,  o r  an a ly zed  by t i c  (59 p o p u la t io n s )  u s in g  th e  
fo llo w in g  s o lv e n t  sy stem s: p ro p y l a c e ta te ;  9:1  (CHgCla/EtOAc);
1 :9  (C lfeCls/EtO A c); and 1 :1  (CHaCla/EtOAc).
The p o p u la tio n s  w hich w ere an a ly zed  by column chrom atography  
(T ab le  11) p ro v id ed  q u i te  r e l i a b l e  d a ta .  In  c o n t r a s t ,  th e  t i c
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and pmr a n a ly s e s  o f  th e  rem ain in g  p o p u la tio n s  (T able  12 and
T ab le  13) a re  l e s s  r e l i a b l e  due to  a  number o f  c o m p lic a tin g  f a c t o r s .
The m ost s e r io u s  problem s r e s u l t e d  from th e  o v e rlap  o f  c h a r a c t e r i s t i c  
pmr s ig n a l s  in  th e  p o o r ly  re s o lv e d  s p e c t r a  o f  th e  c rude  sy ru p s  
c o n ta in in g  th e  r e s p e c t iv e  s e s q u i te rp e n e  la c to n e s  as w e l l  a s  th e  
p ro x im ity  o f  th e  r f  v a lu e s  in  t i c  ru n s  o f  th e se  e x t r a c t s .  In  
a d d i t io n ,  s t r e a k in g  was ob serv ed  in  th e  t i c  a n a ly s e s . For each o f  
th e  fo llo w in g  compounds w hich w ere found in  th e  p o p u la t io n a l  
a n a ly s is  o f  M. cinereum  and M. argophyllum  th e  d a ta  and m ethods 
employed in  i t s  d e te c t io n  a re  d e s c r ib e d :
1. A rte m e tin  (7 8 ) ,  a  ye llow  c r y s t a l l i n e  f la v o n e , h a s
th e  h ig h e s t  r f  v a lu e  o f  any  o f  th e  compounds i s o l a t e d  
from th e  c ru d e  s y ru p s . C onsequen tly , i t s  d e te c t io n  
was r e l i a b l e .
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2 . ^ ( 5 ) - Dihydromelampodin-B ( 6 l )  was p r im a r i ly  d e te c te d  
by th e  p re sen c e  o f  th e  H-9 s ig n a l  a t  68.03 i n  th e  pmr 
s p e c t r a  o f  th e  c ru d e  sy ru p s  a n d /o r  c r y s ta l s  i s o l a t e d  
from th e  p a r t i c u l a r  c ru d e  sy ru p s . T h is p ro c e d u re  
co u ld  in  p r in c ip l e  be employed s in c e  th e  H-9 s ig n a l
o f  61 ap p ea rs  m ost dow nfie ld  in  th e  pmr s p e c t r a  o f  
any o f  th e  s e s q u ite rp e n e  la c to n e s  found in  th e s e  
p o p u la t io n s .  However, due to  low c o n c e n tra t io n s  and 
p o o r ly  re s o lv e d  pmr s p e c t r a  o f  th e  crude s y ru p s , th e  
d e te c t io n  o f  6 l  was p a r t i c u l a r l y  d i f f i c u l t .  F u rth e rm o re , 
th e  r f  v a lu e  fo r  6 l  i s  s l i g h t l y  g r e a te r  th a n  t h a t  o f  
m elam podin-B . T h e re fo re , th e  use o f  t i c  d a ta  f o r  th e  
d e te c t io n  o f  6 l  proved a ls o  u n r e l ia b le .
C in e re n in  (6£) shows an r f  v a lu e  betw een th o se  o f  
melampodin-B and a r te m e t in .  T h is  c h a r a c t e r i s t i c  a llow ed  
f o r  f a i r l y  r e l i a b l e  d e te c t io n  a lth o u g h  s t r e a k in g  in  
th e  t i c  was f r e q u e n t ly  o b serv ed . In  the  pmr s p e c t r a ,  
th e  c h a r a c t e r i s t i c  s ig n a l s  o f  o v e rla p  w ith  th o se  o f  
melam podin-B and melampodin-C m aking t h i s  m ethod 
d o u b io u s , a t  b e s t ,  f o r  d i s t in g u is h in g  betw een th e s e  
th r e e  s e s q u ite rp e n e  la c to n e s .
Melampodin-C (6 4 ) , a  w h ite  c r y s t a l l i n e  g e rm a c ra n o lid e , 
was th e  h a rd e s t  to  d e te c t  unam biguously s in c e  i t s  r f  
v a lu e  i s  a lm o st th e  same as th a t  o f  compound "2015" .
The c h a r a c t e r i s t i c  pmr s ig n a ls  o f  64 o v e r la p  w ith  th o se  
o f  c in e r e n in ,  making th e  d i s t i n c t i o n  betw een th e s e  two 
compounds im p o ss ib le  by pmr. Compound "2013" a ls o  
shows pmr s ig n a l s  w hich o v e rla p  w ith  th e  c r u c i a l  
is o p ro p y l s ig n a l s  o f  64 , th e se  s ig n a l s  a r e  n e c e s sa ry  
fo r  a  p o s i t i v e  i d e n t i f i c a t i o n  o f  m elampodin-C.
C o n seq u en tly , th e  i s o l a t i o n  o f  64 by column chrom a­
to g rap h y  ap p ea rs  to  be th e  o n ly  r e l i a b l e  m ethod f o r  
i t s  d e te c t io n .
5 . Melampodin-B (^ 6 ) ,  a  h ig h ly  p o la r  compound, u s u a l ly  
c r y s t a l l i z e d  from th e  c ru d e  sy ru p s  and p ro v id e d  e x tre m e ly  
r e l i a b l e  c o n f irm a tio n . Melampodin-B a ls o  h a s  th e  lo w est 
r f  v a lu e s  th e re b y  p e rm it t in g  a  somewhat r e l i a b l e  t i c  
a n a ly s i s .  S in c e  56 was th e  m ajo r component in  m ost 
p o p u la t io n s , i t  was th e  e a s i e s t  to  d e te c t .
6 . "2013" (22.)» a g e rm acran o lid e  whose s t r u c t u r e  
e lu c id a t io n  i s  in co m p le te , shows r f  v a lu e s  s l i g h t l y  
h ig h e r  th a n  th o se  o f  melampodin-C making t i c  a n a ly s is  
u n r e l i a b le .  Compound "2013" shows c h a r a c t e r i s t i c  
H-13 s ig n a l s  a t  65*75 and 66 .14  and a  COgMe s ig n a l
a t  65*76 w hich cou ld  have made pmr d e te c t io n  p o s s ib le  
i f  th e  s p e c t r a  o f  th e  c rude  sy ru p s had been c l e a r l y  
re s o lv e d . U n fo r tu n a te ly , m ost pmr s p e c t r a  o f  th e  
c rude  sy ru p s d id  n o t p ro v id e  d a ta  f o r  c o n c lu s iv e  
i d e n t i f i c a t i o n .
In  s p i t e  o f  th e  p re v io u s ly  d e sc r ib e d  ex p e rim en ta l p rob lem s, th e  u se  
o f  a l l  a v a i l a b le  te c h n iq u e s  p ro v id ed  r e l i a b l e  q u a l i t a t i v e  d a ta  t h a t  
w ere  v e ry  u s e f u l  in  th e  b io ch em ica l sy s te m a tic  a n a ly s i s .  The r e s u l t  
o f  th e  p o p u la t io n a l  s tu d y  a re  summarized in  T ab les 11, 12, and 13 .
TABLE 11
Column Chromatographic Analysis of M. cinereum and M. argophyllum*
P o p u la t io n a l
Number L o c a tio n  Amount
2013 Duval C o ., Tex. 3^5g
2015B Duval C o ., Tex. l^ O g
2016 Jim  Hogg C o ., Tex. 328g
2020 T am au lipas, Mex. 750g
2021 H ida lgo  C o ., Tex. 35&g
3613 Jim  Hogg C o ., Tex. 719g
F i29a L ive  Oak C o ., Tex. 200g
Fi29b L ive  Oak C o ., Tex. 389g
3596* C o ah u ila , Mex. S57g
*
3599 Nuevo Leon, Mex. 1350g
B C A O ther
Chromo:
Numb
30mg 20mg 25mg D,405mg 20
2 .7 g 4 .0 g 315mg
F, lOOmg
20
303mg + + 20
605mg + 152mg F> 35mg 10
650mg 30mg + 10
210mg 102mg l40mg 20
- + 115mg F,4l0mg —
- + l 60mg F, 58mg —
450mg 308mg 685mg E,175mg —
3 .1 g 885mg 6l0mg E ,1 .2 3 g 30
A = A rtem e tin  (7 8 ) ;  B = Melampodin-B (5 6 ) ;  C = C in e re n in  (67)
D = "2013"; E = Melampodin-C (6 4 ) ; F = 4(5)-D Lhydrom elam podin-B ( 6 l )
20
20
20
20
20
10
20
20
20
10
10
10
10
TABLE 12
Populational Analysis of M. cinereum DC variety cinereum
L o c a tio n Amount B C A O ther
L ive  Oak C o ., Tex. 126g 80mg + +
Jim  W ells C o ., Tex. 102g 250mg - +
Jim  W ells , C o ., Tex. i6 g 5mg - +
Duval C o ., Tex. 19 lg  . l 6 0 ng + -
Duaval C o ., Tex. 52g + +
Brooks C o ., Tex. 177 g l80mg + +
S t a r r  C o ., Tex. **7g 75mg + + D
S ta r r  C o ., Tex. 895g 235mg + + D
Z apata  C o ., Tex. bOJg l 85mg .+ + D
Z ap a ta  C o ., Tex. 91g 3itmg + +
Webb C o ., Tex. 422g 175mg + + D
Webb C o ., Tex. lo8g 25mg + + D
Dimmit C o ., Tex. 66g l6mg + + D
Z avala  C o ., Tex. l 58g 25mg + + D
Table 12 (cont.)
P o p u la t io n a l
Number L o ca tio n Amount
2053 U valde C o ., Tex. Uokg
3588 F rio  C o ., T ex. 68 g
3589 F rio  C o ., Tex. l*j6g
3589B F rio  C o ., T ex. 12g
3595 C oah u ila , Mex. 91g
3610 Webb C o ., T ex. 13^g
3611 Jim Hogg C o ., T ex. 91g
3612 Jim Hogg C o ., Tex. 95g
361*4- S ta r r  C o ., T ex. 76g
3615 Jim Hogg C o ., T ex. ^3g
3616 Jim Hogg C o ., Tex. 79g
3617 Jim Hogg C o ., T ex. 85 g
3618 D uval C o ., Tex. 62g
3619 La S a l l e  C o ., Tex. 65g
3620 F rio  C o ., Tex. 6? 8g
Chromosome
B C A O ther Number
l 60mg + + D 10
156mg + + D 10
270mg + + D 10
+ + - 10
+ + + 10
25Umg + + 20
375mg + + 20
l*4-5mg + + 20
250mg + + D 10
121mg + - D 20
139mg + + D 20
31mg + + D 20
5mg + + 20
20mg + + D 10
800mg + +
TABLE 13
Populational Analysis of M. cinereum DC variety hirtellum
P o p u la t io n a l
Number
2036
3590
359^
3597
3605
3606 
3608 
3609  
2018*  
3603* *
L o ca tio n  
Kinney C o ., T ex. 
M averick C o ., Tex. 
C oah u ila , Mex. 
C oah u ila , Mex. 
Nuevo Leon, Mex. 
Nuevo Leon, Mex. 
Nuevo Leon, Mex. 
Nuevo Leon, Mex. 
T am aulipas, Mex. 
Nuevo Leon, Mex.
Amount
102g
1298
h6g
38g
6 lg
k2g
66g
298
1^78
103g
B
120mg
98mg
139mg
+
1^2mg
l 65mg
6 lmg
k2mg
15mg
551mg
C
+
+
+
+
+
+
+
+
A
+
+
O ther
+
+
Chromosome
Number
20
10
10
10
10
10
10
10
30
* Melampodium cinereum  var ram osissim tm
** Melampodium argophyllum
A = A rtem etin
B = Melampodin-B (5 6 )
C = C in eren in  (6 7 )
D = "2013"
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The d a ta  com piled in  t h i s  s tu d y  c l e a r l y  i n d ic a te  t h a t  th e  
c o n s i s t e n t ly  o c c u r r in g  melampodin-B ( 5 6 ) ,  c in e r e n in  (6 7 ) .  and 
a r te m e t in  ( j8 )  a r e  c h a r a c t e r i s t i c  c o n s t i tu e n t s  o f  M. c in ereu m . The 
q u a n t i t a t i v e  p o p u la t io n a l  v a r ia t io n s  o f  s e s q u i te rp e n e  la c to n e s  m igh t 
have been in f lu e n c e d  by a  number o f  f a c t o r s .  The s ta g e  o f  grow th 
a s  w e l l  as en v iro n m en ta l c o n d itio n s  such  a s  e l e v a t io n ,  s o i l ,  w a te r  
l e v e l s ,  and th e  d a r k - l ig h t  c y c le  a re  known to  in f lu e n c e  th e  
r e l a t i v e  amounts o f  secondary  p la n t  m e ta b o l i te s .  The p re se n c e  o f  
lj-(5)-dihydrom elam podin-B  (6 l )  and th e  la c k  o f  m elam podin-B in  one 
p o p u la t io n  o f  M. cinereum  (F isc h e r  # 29) seems to  be in d i c a t iv e  o f  
an  a c t i v e  re d u c in g  enzyme in  t h i s  p a r t i c u l a r  p o p u la t io n .
The p r e se n c e  or ab sen ce o f  th e  compound "2013" in  o th e r  
p o p u la tio n s  o f  M. cinereum  w i l l  have to  be more c a r e f u l ly  d eterm in ed . 
T edious chrom atographic s e p a r a tio n s  o f  th e  p la n t  c o n s t i t u e n t s  in  each  
p o p u la tio n  m ight be n e c e ssa r y  b e fo r e  d e f i n i t e  q u a l i t a t i v e  e v a lu a t io n  
con cern in g  compound "2013" can be made. F urtherm ore, co m p le tio n  o f  
th e  s tr u c tu r e  e lu c id a t io n  o f  compound "2013" w i l l  a p p r e c ia te  th e  
v a lu e  o f  t h i s  compound in  th e  b io ch em ica l s y s te m a t ic  c o n s id e r a t io n s  
o f  th e  w h ite -r a y e d  com plex o f  Melampodium.
In  s p i t e  o f  th e  l im ite d  number o f  c h e m ic a lly  in v e s t ig a t e d  
p o p u la tio n s  o f  M. argophyllum , a g e n e r a l tren d  can  be r e c o g n iz e d .
On th e  b a s is  o f  th e  s e sq u ite r p e n e  la c to n e  c o n s t i t u e n t s ,  M. 
argophyllum  seem s to  be v ery  c l o s e l y  r e la t e d  to  M. c inereu m . A l l  
c o n s t i tu e n t s  t y p ic a l  o f  th e  l a t t e r  s p e c ie s  a re  a l s o  found in  M. 
argophyllum . In  a d d it io n ,  melampodin-C (6U) i s  p r e s e n t  in  M. 
argophyllum  but has not y e t  been found in  M. c in ereu m . I t  would
be prem ature, how ever, t o  r e c o g n iz e  melampodin-C as a t y p ic a l  
marker o f  M. argophyllum  ( t o  d a te , 6U e x c l u s i v e ly  o ccu rs  in  t h i s  
s p e c i e s ) .  A la r g e  number o f  p o p u la tio n s  need to  be c h e m ic a lly  
an a lyzed  b e fo r e  more d e f i n i t e  c o n c lu s io n s  can  be drawn.
In g e n e r a l, no m ajor q u a l i t a t iv e  d i f f e r e n c e s  w ere reco g n ized  
betw een  th e  d i f f e r e n t  p o p u la tio n s  o f  M. cinereum  and M. argophyllum  
in d ic a t in g  c o n s id e r a b le  s t a b i l i t y  in  th e  e v o lu t io n a r y  p r o cess  o f  
th e  d i f f e r e n t  v a r i e t i e s  o f  th e s e  s p e c i e s .  In  c o n tr a s t ,  M. leucanthum  
r e p r e se n ts  a ch e m ic a lly  more d i v e r s i f i e d  and e v o lu t io n a r i ly  more 
dynamic s p e c ie s .  C on seq u en tly , i t  m igh t be h y p o th e s iz e d  th a t  the  
above d ata  in d ic a te  th e  e x is t e n c e  o f  a more advanced , s t a b le  
e v o lu t io n a r y  s t a t e  in  M. cinereum  and M. argophyllum .
The p o p u la t io n a l a n a ly s is  o f  th e  s e s q u ite r p e n e  la c to n e s  in  M. 
cinereum  and M. argophyllum  i s  n ot com p leted ; how ever, th e  fo llo w in g  
t e n t a t iv e  c o n c lu s io n  can be drawn from th e  i n i t i a l  d a ta : on th e
b a s is  o f  th e  s tr u c tu r a l  s im i l a r i t y  o f  th e  s e s q u ite r p e n e  la c to n e s  in  
th e s e  two s p e c ie s ,  and th e  f a c t  th a t  th e s e  s e s q u ite r p e n e  la c to n e s  are  
d i s t i n c t l y  d i f f e r e n t  from th o se  in  M. leucanthum , i t  appears th a t ,  
in  c o n tr a s t  to  S tu e s s y 's  m o rp h o lo g ica l c o n s id e r a t io n s ,  M. 
argophyllum  i s  p h y lo g e n e t ic a l ly  more c l o s e l y  r e la t e d  to  M. cinereum  
than i t  i s  to  M. leucanthum .
PART I I I  
E x p erim en ta l
EXPERIMENTAL
The fo llo w in g  in s tru m e n ts  w ere used  in  o b ta in in g  th e  v a rio u s  
d a ta  th ro u g h o u t t h i s  d i s s e r t a t i o n  u n le ss  o th e rw is e  s p e c i f i c a l l y  
i n d i c a t e d :
IR P e rk in -E lm er 137 Sodium C h lo rid e  S p ec tro p h o to m e te r 
UV C ary-ll* R ecord ing  S p ec tro p h o to m ete r
CD D urram -Jasco  J -2 0  S p ec tro m ete r
MP Thomas Hoover C a p i l la r y  M eltin g  P o in t  A ppara tu s (u n c o rre c te d )
60 MHz NMR P erk in -E lm er R12B S p ec tro m ete r 
100 MHz NMR V arian  HA-100 S p ec tro m ete r
Mass S p e c tra  H ita c h i-P e rk in -E lm e r Model RMS-^ (sam ples w ere 
in tro d u c e d  v ia  th e  d i r e c t  i n l e t  tu b e )
E lem en ta l A nalyses G a lb ra ith  L a b o ra to r ie s ,  I n c . ,  K n o x v ille , 
T ennessee U .S.A .
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I s o l a t i o n  o f  Melampodin-B (56) and C in e ren in  (6 7 )
A c o l l e c t i o n  o f  M. cinereum  DC. v a r .  c inereum  was made on 
J u ly  19 , 1975 (T. F. S tu e ssy  and N. H. F is c h e r  2015) 8*6  m ile s  
n o r th - e a s t  o f  H e b b ro n v ille , Duval C ounty, Texas on ro u te  359*
D ried  le a v e s  (1^75 g . )  w ere ground in  a  W aring b le n d e r  w ith
c o ld  ch lo ro fo rm . A f te r  f i l t r a t i o n  by s u c t io n  and r e - e x t r a c t io n  o f
th e  r e s id u e ,  th e  combined CHCI3 e x t r a c t s  w ere e v ap o ra te d  in  vacuo .
The d a rk  re s id u e  was d is s o lv e d  in  1^50 ml o f  e th a n o l and th e n  th e
same volume o f  an aqueous 5 $ l e a d ( l l ) a c e t a t e  s o lu t io n  was added.
The gummy p r e c i p i t a t e  was removed by f i l t r a t i o n  o v e r c e l i t e  and th e
f i l t r a t e  e v ap o ra te d  in  vacuo to  remove m ost o f  th e  e th a n o l .  The
r e s id u a l  aqueous phase was e x tr a c te d  e x h a u s t iv e ly  w ith  CHC13 . A f te r
d ry in g  w ith  anhydrous MgS04 , rem oval o f  th e  s o lv e n t  l e f t  th e  c ru d e ,
te rp e n o id -c o n ta in in g  sy ru p . The sy rup  was a llo w ed  to  s t a n t  a t  room
te m p e ra tu re  fo r  s e v e ra l  days r e s u l t i n g  in  a  p a r t i a l  c r y s t a l l i z a t i o n
o f  th e  sy ru p . F i l t r a t i o n  and w ashing o f  th e  r e s id u e  w ith  e th e r
gave a  ye llow  c r y s t a l l i n e  s o l i d .  R epeated  t r i t u r a t i o n  o f  t h i s
m a te r ia l  w ith  h o t  e th y l  a c e ta te  l e f t  2 .7  g o f  c ru d e  melampodin-B
(5 6 ) ,  mp 226-228° ( d e c . ) ;  UV, \ Me0H 2.0k nm ( e ,  2 .3 5  *  104 ) ;  CDmax
(c , 6 .2  x 10"5 , MeOH), [0 ] 2 l6  -  8 .3  x 103 , [ 6] ^  + J .h  x 103 ,
[ 9]277  " 5 .1*- x 102 ; IR, (n u jo l )  3^20 (OH), 1780 ( y - la c to n e ) ,
1730 (a ,/3 -u n sa t. e s t e r ) ,  and 1665 cm”1 (d o u b le  b o n d s). NMR d a ta  o f  
56 l i s t e d  in  T ab les  1 and 2 . Mass S p e c t r a l  d a ta  o f  56  l i s t e d  in  
T ab le  1^.
A nal. C a lcd . fo r  C17Hio0 7 : C, 61.07,* H, 5 .1 0 ; 0 , 3 3 .5 0 ; MW, 33^ 
Found: C, 6 0 .9 5 ; H, 5 .U5 ; 0 , 33 -7 6 .
118
The combined e th y l  a c e ta te  e x t r a c t s  p ro v id ed  a  f i n a l  y ie ld  
o f  4 .0  g o f  c ru d e  c in e r e n in  (6J .) . A n a ly t ic a l ly  p u re  67 was o b ta in e d  
a f t e r  lOOmg o f  c ru d e  c in e re n in  was chrom atographed on a  s i l i c a  g e l  
column u s in g  as  e lu t in g  s o lv e n t  a m ix tu re  o f  CH2 Cl2 E t0Ac ( 4 :1 ) .
The c rude  6£  was r e c r y s t a l l i z e d  from EtOAc g iv in g  c o lo r l e s s  c r y s t a l s :  
mp 161-163; uv, abg 205 nm (e , 2.74  x  104 ) ;  CD, ( c ,  6 .2 5  x  10"5 ,
MeoH), [e ] 2 l8  - 4 .1  x 104 , [ e ] 2Uo + 4 .7  x 104 , [ e ] ^  - 6 .6  x  Iff2;
IR , v (n u jo l )  3^5° b road  (OH), I775  ( y - la c to n e ) ,  175° (a ,/3 -u n s a t.
IH3X
e s t e r ) ,  and 1660 cm 1 (do u b le  b o n d s). NMR d a ta  o f  &J_ l i s t e d  in  T ab le
7 . Mass S p e c t r a l  d a ta  o f  6 l i s t e d  in  T ab le  16.
A n a l. C a lcd . f o r  C17H20O6 ' C> 6 3 .7 4 ; H, 6 .2 9 ;  MW, 320 .
Found: C, 63 -5 4 ; H, 6 .2 0 ; MW(MS), 320.
Melampodin-B A c e ta te  (57)
A s o lu t io n  o f  56  (l03m g) was h e a te d  in  1ml o f  p y r id in e  and 
lm l o f  Ac2 0 u n t i l  a l l  o f  t h e  c r y s t a l s  w ere d is s o lv e d .  The s o lu t io n  
was l e f t  o v e rn ig h t a t  room te m p e ra tu re . E v a p o ra tio n  u n d er reduced  
p re s s u re  p ro v id e d  a  w h ite  r e s id u e .-  W ater (5m l) and a d rop  o f  HC1 
w ere added and th e  s lu r r y  e x tr a c te d  th r e e  tim es w ith  5 0 nl  p o r t io n s  
o f  CHCI3 . The combined CHC13 e x t r a c t s  w ere d r ie d  (MgS04 ) ,  f i l t e r e d  
and e v a p o ra te d . The r e s id u a l  w h ite  powder was r e c r y s t a l l i z e d  
from EtOAc p ro v id in g  70 mg o f  mp 202-204°; UV, 206 nm
(e , 3 -0  x  104 ) ;  CD, ( c ,  7 .1  x  10"4 , MeOH), [Q] 216 - 2 .9  x  104 , [ 0 ] ^
+ 4 .5  x  104 ; IR , v (n u jo l )  1790, 1770 ( y - la c to n e s ) ,  1735, 1230
u la X
( a c e t a t e ) ,  and 1660 cm 1 (doub le  b o n d s), NMR d a ta  o f  2L l i s t e d  in  
T ab le  3 . Mass S p e c tr a l  d a ta  o f  %J_ l i s t e d  in  T ab le  14.
119
A n al. C a lc d . fo r  Cxglfeo08 : C, 60 .6k;  H, 5*52; MW, 3 7 6 .
Found: C, 6 0 .5 5 ; H, 5 .^ 1 ;  MW(MS), 3 7 6 .
Melampodin-B A ldehyde (5 8 )
M elampodin-B (100 mg) in  50 ml o f  a c e to n e  under n i t r o g e n  was 
t r e a t e d  w ith  an ex cess  o f  S a r e t t ' s  re a g e n t79  i n  a c e to n e . A f te r  If 
h o u rs  th e  brown p r e c i p i t a t e  was f i l t e r e d  and th e  ace to n e  e v ap o ra te d . 
W ater (5  m l) was added and th e  s lu r r y  tw ice  e x t r a c te d  w ith  75 ml o f  
CHCI3 and once w ith  50  ml o f  EtOAc. The combined o rg a n ic  e x t r a c t s  
w ere d r ie d  o v e r MgS04 , f i l t e r e d  and e v a p o ra te d . The im pure brow nish 
c r y s t a l s  w ere  d is s o lv e d  in  a ce to n e  and chrom atographed o v er s i l i c a  
gel/CH2 Cl2 . The column was e lu te d  w ith  CH2 CI2 , ClfeCla/EtOAc ( l : l ) ,  
and f i n a l l y  w ith  p u re  EtOAc. The re c o v e re d  c r y s t a l s  w ere r e c r y s t a l ­
l i z e d  from a c e to n e /2 -p ro p an o l p ro v id in g  mg o f  c o lo r le s s ,  
c r y s t a l l i n e  ^ 8 : mp 2bl-2k-5°  ( d e c . ) ;  UV, ^ * ^ 2 1 5  nm (£ , 3*2 x 104 ) ;m ax
IR , v ( n u jo l )  1775 ( y - la c to n e ) ,  17^-0 ( a c e t a t e ) ,  1700, 1660 (do u b le  mflx
b o n d s), and 12lf0 cm 1 . NMR d a ta  o f  58  l i s t e d  in  T ab le  3»
A n a l. C a lcd . f o r  CiyHieOy: C, 6 l . l f 5 » H, k .8 2 ;  MW, 332. Found: 
C, 6 1 .2 6 ; H, I4- .8I4-; MW(MS) 332.
1 1 (1 3 )-D ihydrom elam podin-B  (59)
A s o lu t io n  o f  100 mg o f  melampodin-B in  $0 ml o f  MeOH was 
added to  5 mg o f  10$ Pd/C and p la c e d  in  a  100 ml th re e -n e ck e d  f l a s k .  
A f te r  rem oving th e  r e s id u a l  a i r  in  vacuo . N2 was a llow ed  to  r e a c t  
w ith  th e  s t i r r e d  m ix tu re . I n i t i a l  u p tak e  o f  H2 was r a p id  fo r
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ab o u t 15 m in. w ith  th e  r e a c t io n  te rm in a tin g  in  ap p ro x im a te ly  one 
h o u r. A f te r  f i l t r a t i o n  and e v a p o ra t io n , th e  r e s id u e  was chrom ato­
graphed on a s i l i c a  g e l  column u s in g  EtOAc as an e lu t a n t .  The 
f r a c t io n s  w ere a n a ly zed  by t i c  and combined a p p ro p r ia te ly .  The c rude  
re s id u e  was r e c r y s t a l l i z e d  from EtOAc p ro v id in g  30 n>8 o f  H ( l3 ) ~
dihydrom elam podin-B : mp 200-202°; IR , V (n u jo l )  3^-20 (OH), 1775mdx
(y - la c to n e ) ,  1735 and 12^5 cm 1 ( a c e t a t e ) .  NMR d a ta  o f  $2. l i s t e d  
in  T able  3*
A nal. C a lcd . f o r  Cit N2 O0 7 : C, 6 0 .7 1 ; H, 5*99; Q> 33*30;
MW 3 3 6 . Found: C, 6 0 .9 0 ; H, 5 -9 5 .
T ribrom ide (6 0 ) from Melampodin-B ( 5 6 )
A s o lu t io n  o f  melampodin-B (100 mg) in  25 ml g l a c i a l  a c e t ic  
and 3 .0  ml o f  a s a tu r a te d  s o lu t io n  o f  HBr in  a c e t i c  a c id  was re f lu x e d  
fo r  20 h r s .  The s o lv e n t  was e v ap o ra te d  and e th y l  e th e r  was added 
which r e s u l te d  in  th e  p r e c i p i t a t i o n  o f  a  w h ite  s o l i d .  R e c r y s ta l l i z a ­
t io n  from 2 -p ro p an o l y ie ld e d  85 mg o f  p u re  60 : mp 215-217°; IR>
V (n u jo l )  1775 (v ”l a c to n e )> I 65O (d o u b le  b o n d s), 1200, and 1000 max
cm 1. NMR d a ta  o f  60 l i s t e d  in  T a b le  3»
A nal. C a lcd . f o r  C i5Hi504Br3 : C, 3 6 .0 6 ; H, 3*01; B r, W3.10;
MW k-99. Found: C, 3 6 .1 6 ; H, 3 .0 7 ;  B r, 1 $ .0 0 ; MW(MS) h-STf-JOl.
R eac tio n  o f  Melampodin-B ( 5 6 ) w ith  L ead( I I )a c e ta te
lOOmg o f  56  was s t i r r e d  o v e rn ig h t a t  room te m p e ra tu re  in  
a  m ix tu re  o f  50  ml o f  5$ l e a d ( l l ) a c e t a t e  in  H2 O and 50  ml o f  EtOH.
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The s o lu t io n  was f i l t e r e d  and th e  f i l t r a t e  e v ap o ra te d  to  a p p ro x im a te ly  
30 ml w hich was th en  e x t r a c te d  th re e  tim es  w ith  30 ml each  o f  CHC13 . 
A f te r  d ry in g  w ith  MgS04 , th e  combined CHC13 e x t r a c t s  w ere f i l t e r e d  
and th e  s o lv e n t  e v a p o ra te d . A c ru d e  w h ite  r e s id u e  was l e f t ,  w hich 
a f t e r  r e c r y s t a l l i z a t i o n  from a ce to n e  gave unchanged £6 c h a r a c te r iz e d  
by mp, m ix tu re  m e ltin g  p o in t ,  i r ,  and pmr w ith  a u th e n t ic  m a te r ia l .
I s o l a t i o n  o f  4(5)-D ihydrom elarapodin-B  ( 6 l )
A c o l l e c t io n  o f  M. c inereum , v a r .  c inereum  was f i r s t  made on 
O ctober 4 , 1971 (N. H. F is c h e r  #12) 12 m ile s  so u th  o f  George W est,
Texas on Highway 59 and a g a in  on J u ly  J ,  1973 (N. H. F is c h e r  #29)*
NMR s p e c t r a  o f  th e  c ru d e  e x t r a c t s  in d ic a te d  th e  p re se n c e  o f  th e  same 
c o n s t i tu e n ts  o f  th e  p re v io u s ly  d e s c r ib e d  c o l l e c t i o n s .
The d r ie d  le a v e s  (200 g) w ere e x t r a c te d  and worked up as 
i l l u s t r a t e d  in  Scheme IX p ro v id in g  18 g o f  c ru d e  te rp e n o id -c o n ta in in g  
sy ru p . The c rude  syrup  (9  g) was chrom atographed  o v er JOQ grams o f  
s i l i c a  g e l (Baker 3^05) c o l l e c t in g  15 ml f r a c t io n s  and u s in g  th e  
fo llo w in g  s o lv e n t  m ix tu r e s : f r a c t i o n  1-40 (CH2 CI2 /EtOAc, 9 : l)>
4 l-6 0  (CHaCla/EtOAc, 4 :1 ) ;  61-100 (CIfeCl2 /EtOAc, 3 : l ) ; 100-170 
(CH2 CI2 /EtOAc, 1 :1 ) ;  I7 I - I 9O (ClfeCla/EtOAc, 1 :4 ) ;  191-220 (p u re  
EtOAc); 221-260 (5 # MeOH in  EtOAc); f r a c t io n s  261-289 (MeOH/EtOAc,
1 :1 ) .  The fo llo w in g  f r a c t io n s  w ere c o l l e c te d  and combined acco rd in g  
to  t i c  a n a ly s i s :  f r a c t io n s  40-57  gave 50  mg o f  a r te m e t in ,  mp 159- 160° ,  
i d e n t i c a l  w ith  an a u th e n t ic  sam ple* by m ix tu re  mp and s p e c t r a l
S u p p lied  by W erner H erz , F lo r id a  S t a t e  U n iv e rs i ty
com parison  (pmr, i r ) .  F ra c tio n s  227-261 p ro v id ed  300 mg o f  M 5 ) -
dihydrom elam podin-B  ( 6 l )  : mp 20k-205°;  UV, \ Et0H 202 nm ( c ,  3 .2  xmax
104 ) ;  CD, (c , 7 .7 7  x 10“5 , MeOH), lQl22Q -  106 x 103 ; [ 0 ] ^  - 1 .6  x
103 ; IR , v (n u jo l )  3^-00 (OH), 1785 ( y l a c t o n e ) , 1750 ( a c e t a t e ) ,  max
and 1665 cm 1 (d o u b le  b o n d s ). NMR d a ta  o f  6jL l i s t e d  i n  T ab le  I*.
Mass S p e c t r a l  d a ta  o f  6 l  l i s t e d  in  T ab le  14.
A n a l. C a lcd . f o r  C17H2 0 O7 : C, 6 0 .7 1 ; H, 5*99; MW 3 3 6 . Found:
C, 6 1 . 0 1 ; H, 6 .3 1 ; MW(MS) 3 3 6 .
lf(5)-D ihydrom elam podin-B  A c e ta te  (62)
A s o lu t io n  o f  100 mg o f  6 l  in  1 ml o f  p y r id in e  and 1 ml o f
AC2 O was l e f t  o v e rn ig h t a t  room te m p e ra tu re . E v a p o ra tio n  o f  th e
s o lu t io n  in  vacuo l e f t  a  y e llo w -w h ite  r e s id u e .  W ater (5  m l) and a
d rop  o f  conc. HC1 w ere added and th e  s lu r r y  was e x t r a c te d  th r e e  tim es
w ith  25 ml o f  CHCI3 and th e  CHC13 e x t r a c t  d r ie d  o v e r  MgS04 . A f te r
f i l t r a t i o n ,  th e  CHC13 was ev ap o ra ted  le a v in g  a  c o lo r le s s  r e s id u e .
R e c r y s t a l l i z a t i o n  from E t0A c/Et2 0  p ro v id ed  95 mg o f  6 2 : mp 195“196°;
IR , v (n u jo l )  1770 ( v - la c to n e ) ,  1680, 12^5 ( a c e t a t e ) ,  and 1070 cm ' mflx
NMR d a ta  o f  62 l i s t e d  in  T ab le  Mass S p e c tra l  d a ta  o f  62 l i s t e d  in  
T ab le  l ^ .
A n a l. C a lcd . f o r  C19H2208 : C, 6O.3 I ,  H, 5 . 8 6 ; 0 , 3 5 .8 3 ; W
378 . Found: C, 6 0 .6 0 ; H, 5 .8 0 ; 0 , 3 3 .7 3 ; MW(MS) 3 7 8 .
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lj-(5 ),ll( l3 )-T e trah y d ro m e la m p o d in -B  (6 3 )
A s o lu t io n  o f  100 mg o f  ^(5)-d ihydrom elam podin-B  (6 l )  in  75 ml 
o f  MeOH and 5 mg o f  10$ Pd/C w ere p la c e d  in  a  100 ml th re e -n e c k e d  
f l a s k .  A f te r  rem oval o f  a i r  in  vacuo th e  s t i r r e d  m ix tu re  was h y d ro ­
g en a ted  r e s u l t i n g  in  th e  r a p id  u p tak e  (15  m in .)  o f  hydrogen  w ith  th e  
r e a c t io n  te rm in a tin g  a f t e r  ab o u t one h o u r. F i l t r a t i o n  and e v a p o ra tio n
t
p ro v id e d  a  sy rup  w hich was chrom atographed by p ic  u s in g  p ro p y l a c e t a t e
a s  d e v e lo p in g  s o lv e n t .  The band a t  r f  0 .3  was e x tr a c te d  from th e
s i l i c a  g e l  and th e  r e s u l t i n g  c ru d e  m a te r ia l  was r e c r y s t a l l i z e d  from
a ce to n e  g iv in g  35 mg o f  63.: mp 220-222°; IR , v (n u jo l )  35°0  (OH),max
1770> 1750 ( y - la c to n e ) ,  1725, and 12^0 cm 1 ( a c e t a t e ) .  NMR d a ta  o f  
63. l i s t e d  in  T ab le  1)-.
A n a l. C a lcd . f o r  C3.7 H2 2 O7 : C, 60.3*f; H, 6 . 55> MW 338 . Found:
C, 60.1f2;, H, 6 .2 7 .
I s o l a t i o n  o f  Melainpodin-C (6b)
A c o l l e c t i o n  o f  M. argophyllum  was made on J u ly  3> 197^ (T. F. 
S tu e ssy  3599) 30 m ile s  s o u th e a s t  o f  th e  C oahuila-N uevo Leon b o rd e r  on 
r o u te  53 in  th e  s t a t e  o f  Nuevo Leon, M exico.
D rie d  le a v e s  (1350 g ) w ere e x tr a c te d  and worked up as  d e s c r ib e d  
b e fo re  (Scheme IX ). The c ru d e  sy ru p  (22 g ) ,  when allow ed  to  s ta n d  
a t  room te m p e ra tu re  f o r  th r e e  w eeks, p a r t i a l l y  c r y s t a l l i z e d  p ro v id in g
3 .0  g o f  c ru d e  melampodin-B (5 6 ) .  The rem ain ing  c ru d e  sy ru p  (10 g) 
was chrom atographed o v e r 300 g o f  s i l i c a  g e l  (Brinkmann 773^-) 
c o l l e c t i n g  20 ml f r a c t i o n s .  The column was e lu te d  u s in g  th e  fo llo w in g
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s o lv e n t  m ix tu re s :  1000 ml o f  ClfeC^/EtOAc ( 9 : l ) ;  TOO ml o f
ClfeCla/EtOAc ( 1 :1 ) ;  300 ml o f  EtOAc and 500 ml o f  15# MeOH in  EtOAc.
The fo llo w in g  f r a c t io n s  w ere c o l le c te d  and combined a cc o rd in g  to  t i c  
a n a ly s i s :  f r a c t io n s  21 -40  c o n ta in e d  610 mg o f  a r te m e t in . F ra c t io n s
71-100  p ro v id e d  1.23 g o f  melampodin-C (6 4 ) . R e c r y s ta l l i z a t i o n  from 
E t0A c/E t2 0 gave c o lo r le s s  c r y s t a l s :  mp 199“201°; UV, 205 nm
(j5, 2 .9 1  x  104 ) ;  CD, ( c ,  5-5 x  10"5 , MeOH), [ 0 ] ^  - 8 .3  X 10?,
[ 9 ] 1^8 +  5 .4  x  103 , [0 ]28o - 9-3 x 10^s IR , vmax (n u jo l )  3500 (OH),
1770 ( y - la c to n e ) ,  1725 ( e s t e r ) ,  and 1655 cm 1. NMR d a ta  o f  64 
l i s t e d  in  T ab le  5* Mass S p e c tr a l  d a ta  o f  64 l i s t e d  in  T ab le  15.
A n a l. C a lcd . fo r  Cx9H2 2 07 : C, 6 2 .9 7 ; H, 6 .1 2 ; 0 , 3 0 .9 1 ;
MW, 362. Found: C, 6 3 .0 7 ; H, 6 .0 0 ;  0 , 3 0 -7 7 ; MW(MS) 3 6 2 ) .
F ra c t io n s  116-130 gave 89O mg o f  c in e r e n in  (67) and 3 -0  g o f
melampodin-B (^6 ) was p r e s e n t  in  f r a c t io n s  140-160.
Melampodin-C A c e ta te  (6 5 )
A s o lu t io n  o f  170 mg o f  64 in  2 ml o f  p y r id in e  and 3 ml o f
Ac2 0 was h e a te d  u n t i l  a l l  th e  c r y s t a l s  w ere  d is s o lv e d . The s o lu t io n
was l e f t  o v e rn ig h t  a t  room te m p e ra tu re . E v ap o ra tio n  in  vacuo
p ro v id e d  a  w h ite  r e s id u e  to  w hich 5 ml o f  IfeO and 5 d ro p s  o f  HC1
w ere added . The s lu r r y  was e x tr a c te d  th r e e  tim es w ith  50 ml
p o r t io n s  o f  CHgClz. The combined o rg a n ic  e x t r a c t s  w ere d r ie d  o v e r
MgSC>4 , f i l t e r e d ,  and e v a p o ra te d  le a v in g  a  w h ite  r e s id u e  w hich was
r e c r y s t a l l i z e d  from 2 -p ro p an o l p ro v id in g  160  mg o f  65.: mp 151 - 153° ;
IR , v (n u jo l )  1780, 1765 ( y - la c to n e ) ,  and 1225 ( a c e t a t e ) .  NMR max
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d a ta  o f  65. l i s t e d  in  T ab le  5 . Mass S p e c tra l  d a ta  o f  65. l i s t e d  
in  T ab le  15 .
A nal. C a lcd . f o r  C2 iH2408 : C, 6 2 .3 7 ; H, 5 . 9 8 ; 0 , 3 1 .6 5 ; MW
404. Found: C, 6 2 .5 3 ; H, 5 . 9 6 ; 0 , 31*57; M*(MS) 4o4.
Melampodin-C Aldehyde (6 6 )
To a s o lu t io n  o f  64 (150 mg) in  25 ml o f  a ce to n e  u n d e r n i tro g e n
was added an ex cess  o f  S a r e t t ' s  r e a g e n t , 79  suspended in  a c e to n e .
A f te r  4 h o u rs , th e  brown p r e c i p i t a t e  was f i l t e r e d  and th e  a ce to n e  was
e v a p o ra te d . The c rude  r e s id u e  was chrom atographed o v e r 25 g o f  s i l i c a
g e l .  The column was e lu te d  w ith  J00  ml o f  ClfeCle/EtOAc (9 : l )>  th en
w ith  200 ml o f  ClfeC^/EtOAc ( 1 :1 ) .  E v a p o ra tio n  o f  a l l  f r a c t io n s  gave
a  w h ite  powder w hich upon r e c r y s t a l l i z a t i o n  from EtOAc p ro v id ed  71 mg
o f  th e  p u re  a ldehyde  66 : mp 2 0 7 -2 0 9 °; IR» V (n u jo l )  I 785  ( y - la c to n e ) ,n' 1 max
1735 ( e s te r )  1700, 1245, and llh-5 cm 1 . NMR d a ta  o f  66  l i s t e d  in  
T ab le  5. Mass S p e c t r a l  d a ta  o f  66  l i s t e d  in  T ab le  1 5 .
A nal. C a lcd . f o r  C19h a 0O r: C, 6 3 .3 3 ; H, 5*59; 0 , 3 1 .0 8 ; MW
36 O. Found: C, 6 3 .4 6 ; H, 5 . 6k }  0 , 3 0 .8 4 ; MW(MS) 3 6 0 .
T rib rom ide  60 from Melampodin-C (64)
A s o lu t io n  o f  64 (100 mg) in  25 ml o f  EtOAc and 3 ml o f  a  
s a tu r a te d  s o lu t io n  o f  HBr in  g l a c i a l  a c e t i c  a c id  was re f lu x e d  fo r  
20 h o u rs . The s o lv e n t  was ev ap o ra te d  and a f t e r  th e  a d d i t io n  o f  e th y l
e th e r  th e  r e s u l t i n g  w h ite  p r e c i p i t a t e  was r e c r y s t a l l i z e d  from
2 -p ro p an o l p ro v id in g  60  mg o f  c r y s t a l l i n e  6 0 , i d e n t i c a l  w ith  th e
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m a te r ia l  from m elampodin-B, and c in e r e n in  by mp, m ix tu re  m e ltin g  
p o in t ,  and s p e c t r a l  com parison (IR  and FMR).
C in e re n in  A c e ta te  (68)
A s o lu t io n  o f  100 mg o f  6 £  in  1 ml o f  p y r id in e  and 1 ml o f  
AC2 O was l e f t  o v e rn ig h t a t  room te m p e ra tu re . E v a p o ra tio n  o f  th e  
m ix tu re  in  vacuo l e f t  a y e llo w -w h ite  r e s id u e .  W ater (5 m l) and 
a  drop o f  cone. HC1 w ere added and th e  s lu r r y  was e x t r a c te d  th re e  
tim es w ith  25 ml p o r tio n s  o f  CHC13 . The combined CHC13 e x t r a c t s  
w ere d r ie d  o v e r MgS04 . A f te r  f i l t r a t i o n  th e  CHCI3 was e v ap o ra te d  
le a v in g  a  w h ite  powder w hich upon r e c r y s t a l l i z a t i o n  from 2 -p ro p an o l 
gave 60  mg o f  p u re  68: mp I 8 7 - I 890 ; IR , v „  ( n u jo l )  1780, 1765
711 CloX
( y - la c to n e ) ,  1730 , 1235 , 1225 ( a c e t a t e ) ,  and 1665 cm 1 (d o u b le  b o n d s). 
NMR d a ta  o f  68  l i s t e d  in  T ab le  8 . Mass S p e c t r a l  d a ta  o f  68  l i s t e d  
in  T ab le  16.
A n a l. C a lcd . fo r  CigH,_2 0 7 t 0 , 6 2 .9 7 ; H> 6 .1 2 ;  MW, 3 6 2 .
Found: C, 6 2 .8 9 ; H, 6 .1 1 ; MW(MS), 3 6 2 .
C in e re n in  A ldehyde (69)
To a  s o lu t io n  o f  105 mg o f  6 j_ i n  25 ml o f  a c e to n e  in  a  n i t ro g e n  
a tm osphere  was added an ex cess  o f  S a r e t t ' s  r e a g e n t , 79  suspended in  
a c e to n e . A f te r  fo u r  h o u rs , th e  brown p r e c i p i t a t e  was f i l t e r e d  and 
th e  a ce to n e  e v ap o ra te d . W ater (5  m l) was added and th e  s lu r r y  
e x tr a c te d  th r e e  tim es w ith  50  ml p o r t io n s  o f  CHCI3 . The combined 
o rg a n ic  e x t r a c t s  w ere d r ie d  (MgS04 ) and e v a p o ra te d . The c ru d e
brow nish c r y s t a l s  w ere ta k e n  up in  a ce to n e  and chrom atographed o v e r 
s i l i c a  g e l .  The column was e lu te d  w ith  CH2 CI2 , ClfeCl^/EtOAc ( l : l ) ,  
and f i n a l ly  w ith  p u re  EtOAc w hich upon a p p ro p r ia te  com bination  gave 
c o lo r le s s  c r y s t a l s .  R e c r y s t a l l i z a t i o n  from 2 -p ro p a n o l/c h lo ro fo rra  
gave 50 mg o f  p u re  6 ^ :  mp 2 2 4 -2 2 5 °; UV, \ Me0H 216  nm (« , 2 .7  x  104 )HlflX “
IR , v n„  (n u jo l)  17T0 ( y - l a c to n e ) ,  1700 ( e s t e r ) ,  and I 65O cm"1. NMRTQaX
d a ta  o f  62  l i s t e d  in  T a b le  8 . Mass S p e c tr a l  d a ta  o f  6 £  l i s t e d  in  
T ab le  16.
A nal. C a lc d . f o r  CXTH iQ0 6 : C, 6 4 .1 4 ; H, 5 .7 0 ; 0 , 3 O .I6 ; MW,
2 1 8 . Found: c ,  6 3 . 9 3 ; H, 5 -5 9 ; o , 3 0 .3 5 ; mw(ms), 3 1 8 .
T rib rom ide 60 from C in e re n in  (67)
The c o n d it io n s  and r e s u l t s  o f  t h i s  experim en t w ere i d e n t i c a l  
to  th o se  o f  th e  an a logous r e a c t io n s  w ith  melampodin-B and Melamodin-C 
A ll  th re e  compounds ( 5 6 , 6 4 , and 6 7 ) gave th e  trib ro m o  compound 60.
I s o la t io n  o f  M elam podinin (70)
Bulk c o l l e c t i o n  o f  Melampodium americanum w ere made d u r in g  th e  
summer o f  1974 i n  c e n t r a l  M exico. (T. F. S tu e s sy , tf317l)
D ried  le a v e s  (1012 g . ) w ere e x t r a c te d  and w orked-up as  
p re v io u s ly  d e s c r ib e d  (Scheme IX) p ro v id in g  2 .5  g o f  c ru d e , te rp e n o id  
c o n ta in in g  sy ru p . C hrom atography o v e r 100 g o f  s i l i c a  g e l u s in g  
ClfeC^/EtOAc ( 9 : 1 ) a s  e l u t a n t ;  15 ml f r a c t io n s  w ere  ta k e n  and a l l  
f r a c t io n s  w ere m o n ito red  by t i c .  F ra c t io n s  11-20 c o n ta in ed  abou t
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3 . 0  mg o f  a r te m e t in  (7 8 ) w hich was i d e n t i c a l  w ith  a u th e n t ic  m a te r ia l  
by mp, and m ix ed -m e ltin g  p o in t .  F ra c tio n s  3 6 -6 0  p ro v id ed  75  mg 
o f  JO: mp, 203-205°; UV, 213 nm (e ,  1 .J 0  x  104 ) ;  CD, (c , 3 .8
U l a A  "
x  10”5 , MeOH), [0 ]  -  1 .5  x 105 , [ 0 ] ^  +  3 .2  x 104 ; IR, vmax
(n u jo l )  35OO (OH), 1770 ( y - la c to n e ) ,  I73O ( e s t e r ) ,  1670 , and I 65O cm”1 
(do u b le  b o n d s). NMR d a ta  o f  JO l i s t e d  in  T ab le  9 .
A nal. C a lc d . f o r  C25H30O1 2 : C, 5 7 .^ 7 ; H, 5 .7 9 ; MW, 522. Found:
C, 5 7 .5 1 ; H, 5 . 8 0 ; MW(MS),-
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TABLE lk
Mass Spectral Data
of
Melampodin-B(56) and lt(5 )-D ihydrom elam podin -B (6 l) 
and t h e i r  D e r iv a t iv e s
m /e
R e la t iv e
I n t e n s i ty
2j k 53-5
256 100
2k5 3 ^ .9
228 96.5
227 5 8 .1
210 6 2 .5
165 6 8 .6
162 3 0 .0
91 6 9 .9
**3 5 1 .2
MW 33^
51
m/e
R e la t iv e
I n t e n s i ty
376 2 1 .8
333 2 6 .5
27b 9 7 .0
256 100
228 93-0
165 6 2 .8
162 2 2 .6
l b j 5 8 .8
91 8 0 . It
k3 (9^3)
MW 376
m /e
R e la t iv e
I n t e n s i ty
336 2 5 .it
276 1 9 .8
2 lt8 3 3 .2
230 6 7 .0
228 3 6 .8
201 3 0 .2
165 3 5 .3
162 ^9 .5
91 ^9 .5
100
MW 336
m/e
R e la t iv e
I n t e n s i ty
378 81 .3
335 1 8 .8
276 7 0 .0
258 100
230 81 .3
165 6 2 .5
162 8 6 .it
l b 9 100
111 129
91 113
^3 (22 lt0 )
MW 378
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TABLE 15
Mass Spectral Data
of
Melampodin-C (64) and D e r iv a tiv e s
64 65. 66
R e la t iv e R e la t iv e R e la t iv e
m /e I n te n s i ty m /e I n t e n s i ty m /e I n t e n s i ty
362 0 .34 4o4 3 .3 3 360 0 .7 2
344 0 .17 361 1.51 359 1 .0 8
274 9 .90 317 8 .8 0 345 1 .44
256 6 .8 2 274 12 .4 344 2 .1 6
228 7 .6 1 256 14.5 329 1 .8 0
227 3 .3 0 228 1 1 .6 315 3 .9 6
165 5 .1 2 165 7 .9 0 274 1 .2 6
147 4 .7 8 147 6 .0 5 257 7 .5 5
91 1 1 .8 91 6 .3 6 230 1 2 .2
88 1 8 .2 71 3 9 .0 212 1 8 .0
73 3 8 .6 43 100 91 1 8 .0
43 100 MW 4o4 71 56 .5
39 5 6 .8 71 3 1 .6
MW 362 57 6 1 .7
43 4 6 .7
29 100
MW 360
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TABLE 16
Mass Spectral Data
of
C in e re n in  (67.) and D e r iv a tiv e s
6 l
m/e
R e la t iv e
I n te n s i ty
320 3-H j-
2 jk 3 0 .0
256 70 .5
228 5 8 .0
227 3 7 .6
199 3 6 .0
179 37-6
165 6 7 .2
IU7 7 0 .5
112 100
91 3 0 .0
b3 1 8 .2
MW 320
m/e
R e la t iv e
I n t e n s i t y
362 3 .2 7
333 1 .3 0
318 3 .2 1
316 1 8 .8
27^ 100
256 6 1 .7
228 7 0 . 1+
178 3 2 .7  '
165 6 1 .7
162 2 8 .8
iv r 3 6 .1
112 3 8 .8
b3 6 7 .2
MW 362
§2
m/e
R e la t iv e
I n t e n s i t y
318 1.77
317 3 .0 3
303 1 .51
300 1.51
290 7 .5 0
27I+ Vj-.ll;
256 16.5
228 9 .30
178 6 3 .0
165 21+.0
112 100
91 1+2 .2
29 7 1 .3
MW 318
TABLE 17
Collection Sites of the Various Populations of Melampodium
S p ec ies  I d e n t i f i c a t i o n  
M. c inereum  v a r ie ty  cinereum  
M. c inereum  v a r ie ty  h i r t e l lu m  
M. cinereum  v a r ie ty  ramosissimum 
M. argophyllum
A b b re v ia tio n
M .c in .c in .
M .c i n .h i r t .
M .c in .ram .
M.argophm.
2009
2010
2011
2013
2014
2015A
2015B
2016
2017
S pecies D ate L o ca tio n
M .c in .c in . J u ly  10, 1973 L ive Oak C o ., Texas
(7 .4  m i. S. o f  George W est, j e t .  r t e s .  281 & 59 ° n 
r t e .  2 8 l )
M .c in .c in . J u ly  19, 1973 Ji®  W ells C o ., Texas
(3 0 .7  m i. S . o f  George W est, j e t .  r t e s .  281 & 59 on r t e .  
281. 10 .2  m i. N. o f  j e t .  2 8 l  & 44 in  A lic e )
M .c in .c in . J u ly  19, 1973 Ji®  W ells C o ., Texas
(8 .0  m i. W. o f  A lic e ;  j e t .  r t e s .  2 8 l  & 44 on 44)
M .c in .c in . J u ly  19, 1973 Duval C o ., Texas
( l . 4  m i. SW o f  San D iego; j e t .  r t e s .  359 & 44 on 44)
M .c in .c in . J u ly  19, 1973 Duval C o ., Texas
(7 .1  m i. SW o f  B enav ides; j e t .  r t e s .  339 (n o r th  fo rk )  & 
359  on r t e .  3 5 9 )
M .c in .c in . J u ly  19, 1973 Duval C o ., Texas
(4 .4  m i. SW o f  R e a l i to s :  j e t .  r t e s .  359 & farm rd ,  716  
on r t e .  359 ; 8 .6  m i. NE o f  H e b b ro n v ille )
M .c in .c in . J u ly  19, 1973 Jim Hogg C o ., Texas
(2 .3  m i. W. j e t .  16 on farm  r d .  3073)
M .c in .c in . J u ly  19, 1973 Brooks C o ., Texas
( l2 .4  m i. E o f  H e b b ro n v ille ;  j e t .  r t e .  16 on r t e .  2 8 5 )
by D r. Tod F. S tu e s sy , D ept, o f  B otany, Ohio S ta te  U n iv e rs i ty
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P o p . # 
2018
2020
2021
2023
2024
2025  
2027  
2029  
2030  
2031
2032
2033
3605
3606
S p ec ies  D ate  L o ca tIo n
M .c in .ram . J u ly  20 , 1973 T am aulipas, Mexico
(3 .8  m i. E j e t .  r t e .  97 on r t e .  2 ; 5 m i. SW o f  R eynosa)
M .c in .ram . J u ly  20 , 1973 T am aulipas, M exico
(2 .6  m i. S o f  j e t .  r t e .  2 on r t e .  97; km 109*5)
M .c in .c in . J u ly  21 , 1973 H idalgo  C o ., Texas
(0 .8  m i. E o f  j e t .  w ith  farm  r d .  8 8 6 ; 1 .8  m i. E o f  
S u ll iv a n  C ity  on r t e .  8 3 )
M .c in .c in . J u ly  21 , 1973 S ta r r  C o ., Texas
(0 .2  m i. W j e t .  farm r d .  14-30 on r t e .  8 3 )
M .c in .c in . J u ly  2 1 , 1973 S ta r r  C o ., Texas
(4 .5  m i. W j e t .  farm  r d .  649 on r t e .  8 3 )
M .c in .c in . J u ly  21 , 1973 Z ap a ta  C o ., Texas
(0 .2  m i. SSE o f  c i t y  l im i t s  o f  Lopeno on r t e .  8 3 )
M .c in .c in . J u ly  2 1 , 1973 Z ap a ta  C o ., Texas
(3 .8  m i. NW o f  San Y gnacio; j e t .  r t e .  83 & farm  r d .  3 1 6 9 )
M .c in .c in . J u ly  22 , 1973 Webb C o ., Texas
(1 .8  m i. NNW j e t .  r t e .  35  on r t e  8 3 )
M .c in .c in . J u ly  2 2 , 1973 Webb C o ., Texas
( l .O  m i. E o f  j e t .  r t e s .  44 & 8 3 )
M .c in .c in . J u ly  2 2 , 1973 Dimmit C o ., Texas
(6 .3  m i. N o f  C a rr iz o  S p r in g s ;  j e t .  r t e s .  83 4  85 on r t e .
83)
M .c in .c in . J u ly  2 2 , 1973 Z ay a la  C o ., Texas
(1 1 .9  m i. S o f  U valde; j e t .  r t e .  90 on r t e .  83; c . a .  0 .5  m i. 
S o f  Nueces r i v e r  b r id g e )
M .c in .c in . J u ly  2 2 , 1973 U valde C o ., Texas
(8 .9  m i. S o f  U valde; j e t .  r t e .  SO on r t e .  8 3 )
M .c in .h i r t .  J u ly  3» 1974 Nuevo Leon, Mexico
( j e t .  r t e s .  53 & 8 5 ; c . a .  10 m i. N o f  M onterrey)
M .c i n .h i r t . J u ly  3 , 1974 Nuevo Leon, Mexico
(43 m i. N o f  j e t .  53 on r t e .  8 5 ; c . a .  63 m i. N o f  
M onterrey)
TABLE IT (cont.)
Po p - #
3608
3609
3610 
3611
3612
3613
361b
3615
3616 
3617 
2036
3588
3589 
3589B
Species Date Location
M .c i n .h i r t . J u ly  3> 197^ Nuevo Leon, Mexico
(1 1 .7  m i. N o f S ab in as  H id a lg o , a t  N Pemex S ta t io n  on 
r t e .  8 5 )
M .c i n .h i r t . J u ly  3> 197^- Nuevo Leon, Mexico
(33-2  mi N o f  S ab in as  H idalgo  a t  N Pemex S ta t io n  on 
r t e .  8 5 )
M .c in .c in . J u ly  b , 197^ Webb C o ., Texas
(20 .5  m i. E o f  Laredo j e t .  r t e s .  83 & 359)
M .c in .c in . J u ly  4 , 197^ Jim  Hogg C o ., Texas
(0 .3  m i. S j e t .  farm rd .  6b$  and 2073> 15-8 m i. S o f  
M iranda C ity )
M .c in .c in . J u ly  19T^ Jim  Hogg C o ., Texas
('8.1* m i. S o f  j e t .  r t e .  16 on farm  rd  6b$)
M .c in .c in . J u ly  197^ Jim  Hogg C o .. Texas
(7 .9  m i. N o f  j e t .  farm  r d .  2686 on farm  rd . 6 ^ 9 )
M .c in .c in . J u ly  4 , 197^ S t a r r  C o ., Texas
(2 .8  m i. N o f  E l Sauz on farm r d .  6b$)
M .c in .c in . J u ly  5* 197^- Jim  Hogg C o ., Texas
(1 0 .6  m i. N o f  j e t .  farm  r d .  2686 on farm r d .  1017;
4 .9  m i. S o f  Aqua Nuevo)
M .c in .c in . J u ly  5» 197^ Jim  Hogg C o ., Texas
(2 0 .8  m i. N o f  Aqua Nueva on farm  r d .  1017)
M .c in .c in . J u ly  5» 197^ Jim  Hogg C o ., Texas
( l . 5  m i. N o f  H e b b ro n v ille  j e t .  r t e .  285 on r t e .  16)
M .c i n .h i r t . J u ly  2 2 , 197^- K inney C o ., Texas
(1 0 .9  m i. W o f  B r a c k e t tv i l l e ;  j e t .  farm  rd .  131 on r t e .  90)
M .c in .c in . June  30> 197^- F r io  C o ., Texas
(7 .3  m i. S o f  j e t .  farm  r d .  b j 9  on farm  r d .  2Tjb;  c . a .  8 m i.
S o f  Moore)
M .c in .c in . June  30> 197**- F r io  C o ., Texas
( l . 7  m i. W o f  D iv o t; j e t .  farm  r d .  I 58 I  on W farm  r d .  117)
TABLE IT (cont.)
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?-°P
3590
3593
35S&
3596
359T
3599
3603
3618
3619
3620
Fi29a
Fi29b
Species Date Location
M .c i n .h i r t . J u ly  1, 197^ M averick  C o ., Texas
(7 .1  m i. S o f  j e t .  farm rd . 375 on farm  r d .  1021; 
c . a .  8 m i. S o f  E agle P ass)
M .c in .c in . Ju ly  2 , 197^ C o a h u ila , Mexico
( l 8 .6  m i. S o f  A llende on r t e .  5 7 ; 0 A  m i. N o f  km 59)
M .c i n .h i r t . J u ly  2 , 197^- C o a h u ila , Mexico
(3 .0  m i. W o f  San Juan  de S a b rin a s  on r t e .  53)
M .argo . J u ly  2 , 197^ C o a h u ila , Mexico
(Rancho P a ja ro s  A zu les, 11 .9  m i. SE o f  T u j i l l o ;  J m i. SE o f  
E jid o  P rim ero  de Mayo which i s  on r t e .  57; on m ountain  to  
SW o f  ran ch  house, th en  up f o o t h i l l s  i n  lim e s to n e  ro ck )
M .c i n .h i r t . J u ly  2 , 197^ C o a h u ila , Mexico
(2 2 .9  mi* S o f  Monclova a c ro ss  from s t e e l  works a t  S end o f  
town on r t e .  5 7 )
M .argo . J u ly  3> 197^- Nuevo Leon, Mexico
(2 9 .7  m i. SE o f  C oahuila-N uevo Leon b o rd e r  on r t e .  53; h i l l s
N o f  th e  M icroondas P ed e rn a le s  s t a t i o n )
M .argo . Ju ly  3> 197^ Nuevo Leon, Mexico
(3 1 .8  m i. SE o f  Coahuila-Nuevo Leon b o rd e r  on r t e .  53; 2 .1  
m i. SE o f  M icroondas P e d e rn a le s  s t a t i o n  on s lo p in g  rd .  
s h o u ld e r s )
M .c in .c in . J u ly  5» 197^ D uval C o ., Texas
(3 6 .3  m i. N o f  H e b b ro n v ille ; j e t .  r t e .  285 on r t e .  16)
M .c in .c in . J u ly  5> 197^ L a S a lle  C o ., Texas
(0.U m i. S o f  Nucces R iv e r j u s t  S o f  C o r tu l l a  on US 8 l)
M .c in .c in . J u ly  5> 197^ F r io  C o ., Texas
(1 .7  m i. W o f  D iv o t; j e t .  farm r d .  I 5 8 I  on farm rd .
117 , same as 3589)
M .c in .c in . O ctober 1971 L iv e  Oak C o ., Texas
(12 m i. S o f  George West on r t e .  5 9 )
M .c in .c in . J u ly  7 , 1973 L ive  Oak C o ., Texas
(12 m i. S o f  George West r t e .  59)
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